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TRI-SUBSTITUTED IMIDAZOLES HAVING MULTIPLE THERAPEUTIC PROPERTIES 

This invention relates to a novel group of imidazole compounds* processes for 
the preparation thereof, the use thereof in treating cytokine mediated diseases and 
1 0 pharmaceutical compositions for use in such therapy. 

T^ArKGRQIIND OF THE TNVENTION 

InterIeukin-1 (IL-1) and Tumor Necrosis Factor (TNF) are biological 
substances produced by a variety of cells, such as monocytes or macrophages. IL-1 has 

15 been demonstrated to mediate a vaiieQr of biological activities thought to be important 
in immunoiegulation and other physiological conditions such as inflammation [See» 
e.g.. Dinaiello et aL. Rev. Infect Disease, fi, 51 (1984)]. The myriad of known 
biological activities of IL-1 include the activation of T helper cells, induction of fevw, 
stimulation of prostaglandin or coUagenase production, neutrophil chemotaxis, 

20 induction of acute phase proteins and the suppression of plasma iron levels. 

There are many disease states in which excessive or unregulated IL-1 
production is implicated in exacerbating and/or causing the disease. These include 
rheumatoid arttuitis. osteoarthritis, endotoxemia and/or toxic shock syndrome, other 
acute or chronic inflammatory disease states such as the inflammatoiy reaction induced 

25 by endotoxin or inflammatory bowel disease; mberculosis, atherosclerosis, muscle 

degeneration, cachexia, psoriatic arthritis, Reiter's syndrome,. iheuraatoid arthritis, gout, 
traumatic arthritis, rubella arthritis, and acute synovitis. Recent evidence also links 
IL-1 activity to diabetes and pancreatic B cells. 

Dinarello. T Clintcal ImT mniologv. 5 (5), 287-297 (1985), reviews the 

30 biological activities which have been attributed to IL-1. It should be noted that some of 
these effects have l>een described by others as indirect effects of IL^l. 

Excessive or uiu^gulated TNF production has been implicated in mediating or 
exacerbating a number of diseases including rheumatoid arthritis, rheumatoid 
spondylitis, osteoarthritis, gouty arthritis and other arthritic conditions; sepsis, septic 

35 shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, adult respiratory 
distress syndrome, cerebral malaria, chronic pulmonary inflammatory disease, silicosis, 
pulmonary sarcoisosis, bone resorption diseases, reperfusion injury, graft vs. host 
reaction, allograft rejections, fever and myalgias due to infection, such as influenza, 
cachexia secondary to infection or malignancy, cachexia, secondary to acquired 
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immune deficiency syndrome (ATOS). AIDS. ARC (AIDS related complex), keloid 
formation, scar tissue formation, Crohn's disease, ulcerative colitis, or pyresis. 

AIDS results from the infection of T lymphocytes with Human 
Immunodeficiency Virus (HIV). At least three types or strains of HIV have been 
5 identified, i.e., HIV-1 , HIV-2 and HIV-3. As a consequence of HIV infection, T-cell 
mediated immunity is impaired and infected individuals manifest severe opportunistic 
infections and/or unusual neoplasms. HIV entry into the T lymphocyte requires T 
lymphocyte activation. Other viruses, such as HIV-1 , Hiy-2 infect T lymphocytes 
after T Cell activation and such virus protein expression aiid/or replication is mediated 

10 or maintained by such T cell activation. Once an activated T lymphocyte is infected 
with HIV, the T lymphocyte must continue to be maintained in an activated state to 
permit HIV gene expression and/or HIV replication. Monokines, specifically TNF, are 
implicated in activated T-cell mediated HIV protein expression and/or virus replication 
by playing a role in maintaining T lymphocyte activation. Therefore, interference with 

15 monokine activity such as by inhibition of monokine production, notably TNF, in an 
HIV-infected individual aids in limiting the maintenance of T cell activation, thereby 
reducing the progression of HIV infectivity to previously uninfected cells which results 
in a slowing or elimination of the progression of immune dysfunction caused by HIV - 
infection. Monocytes, macrophages, and related cells, such as kupff^ and glial cells, 

20 have also been implicated in maintenance of the HIV infection. These cells, like 
T-cells, are targets for viral replication and the level of viral r^Iication is dependent 
upon the activation state of the cells. [See Roseriberg etal » The Immunopathogenesis 
of HIV Infection, Advances in Inununology, Vol. 57, (1989)]. Monokines, such as 
TNF, have been shown to activate HIV replication in monocytes and/or macrophages 

25 [See Poli, £LaL Proc. NatL Acad, Sci., 87:782-784 (1990)], therefore, inhibition of 
monokine production or activity aids in limiting HIV progression as staled above for 
T-cells. 

TNF has also been implicated in various roles with other viral infections, such 
as the cjrtomegalia virus (CMV), influenza virus, and the herpes virus for similar 

30 reasons as those noted. 

Interleukin-8 (IL-8) is a chemotactic factor first identified and characterized in 
1987. IL-8 is produced by several cell types including mononuclear cells, fibroblasts, 
endothelial cells, and keratinocytes. Its production from endothelial cells is induced by 
IL-1, TNF, or lipopolysachharide (LPS). Human IL-8 has been shown to act on 

35 Mouse, Guinea Pig, Rat, and Rabbit Neutrophils. Many different names have been 
applied to IL-8, such as neutrophil attractant/activation protein-1 (NAP-1), monocyte 
derived neutrophil chemotactic factor (MDNCF), neutrophil activating factor (NAF), 
and T-cell lymphocyte chemotactic factor. 
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IL-8 stimulates a number of functions in vitro. It has been shown to have 
chemoattractant properties for neutrophils, T-lymphocytes, and basophils. In addition 
- it induces histamine release from basophils from both normal and atopic individuals as 
well as lysozomal enzyme release and respiratory burst from neutrophils. IL-8 has also 
5 been shown to increase the surface expression of Mac-1 (CDl lb/CD18) on neutrophils 
without de novo protein synthesis, this may contribute to increased adhesion of the 
neutrophils to vascular endothelial cells. Many diseases are characterized by massive 
neutrophil infiltration. Conditions associated with an inoeased in IL-8 production 
(which is responsible for chemotaxis of neutrophil into the inflanmiatory site) would 
10 benefit by compounds which are suppressive of IL-8 productioiL 

IL-1 and TNF affect a wide variety of cells and tissues and these cytokines as 
well as other leukocyte derived cytokines are important and critical inflammatory 
mediators of a wide varieQr of disease states and conditions. The inhibition of these 
cytokines is of benefit in controlling, reducing and alleviating many of these disease 
15 states. 

There remains a need for treatment, in this field, for compounds which are 
cytokine suppressive anti-inflammatory drugs, i.e. compounds which are capable of 
inhibiting cytokines, such as IL-1, IL-6, IL-8 and TNF. 

20 SUMMARY OF THE INVENTION 

This invention relates to the novel compounds of Formula 0) and 
phannaceutical compositions comprising a compound of Formula (I) and a 
pharmaceutically acceptable diluent or carrier. 

This invention also relates to a method of inhibiting cytokines and the treatment 
25 of a cytokine mediated disease, in a mammal in need thereof, which comprises 
administering to said mammal an effective amount of a compound of Formula (I). 

This invention more specifically rdates to* a method of inhibiting the production 
of IL-1 in a mammal in need thereof which comprises administering to said mammal 
an effective amount of a compound of Formula (I). 
30 This invention more specifically relates to a method of inhibiting the production 

of IL-8 in a mammal in need thereof which comprises administering to said mammal 
an effective amount of a compound of Formula (I). 

This iiivention more specifically relates to a method of inhibiting the production 
of TNF in a mammal in need thereof which comprises administering to said mammal 
35 aneffectiveamoimtof a compound of Formula (I). 

Accordingly, the present invention provides a compound of Formula (I): 
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Rl is 4-pyridyl, pyiimidinyl, quinolyl, isoquinolinyl, quinazolin^yl, l-imidazolyl or 
1-benmnidazolyl, which heteroaryl ring is optionally substituted with one or two 
substituents each of which is independently selected from C1.4 alkyl, halogen, 
5 hydroxyl, Ci^ alkoxy, Ci^ alkylthio, Ci^ alkylsulfinyl, CH2OR12, NRioR20» 
or an N-heterocyclyl ring which ring has from 5 to 7 members and optionally 
contains an additional heteroatom selected from oxygen, sulfur or NRls; . 
R4 is phenyl, naphth-l-yl or naphth-2-yl, or a heteroaryl, which is optionally 

substituted by one or two substituents, each of which is independently selected, and 

10 which, for a 4-phenyl, 4-naphth-l-yl, 5-naphth-2-yl or 6-naphth-2-yl substitiuent, 
is halogen, cyano, nitio, -C^)NR7Ri7, -C(Z)0Ri6, -(CRl0R20)mCORi2. -SR5, 
-SOR5, -OR12, halo-substituted-C 1-4 alkyl, ei-4 alkyl, -ZC(?)Ri2, 
-NRloC(Z)Ri6, or -(CRioR20)mNRloR20 and which, for other positions of 
substinition, is halo, cyano, -C(29NRi3Ri4, -C(Z)OR3, -(CRioR20)mCOR3, 

15 -S(0)niR3. -OR3, halo-substituted-C I-4 alkyl, -C1.4 alkyl, 

-(CRi0R20)mNRl0C(Z)R3, -NRl0S(O)mR8» -NRioS(0)m'NR7Rl7. -ZC(Z)R3 
or -(CRl0R20)mNRl3Rl4; 
R2 is Ci-io alkyl N3, -(CRioR20)n' OR9, heterocyclyl, hetexocyclylCi-io alkyl, 
Ci-ioalkyl, halo-substituted Ci-io alkyl, C2-IO alkenyl, C2-IO alkynyl, C3-7 

20 cycloalkyl, C3.7cycloalkylCi- 10 alkyl, C5-7 cycloalkenyl, 

C5.7cycloalkenyl-Ci-io-alkyl, aiyl, aiylCi-io alkyl, heteroaryl, 
heteroaryl-Ci.io-alkyl, (CRioR20)nORll, (CRioR20)nS(0)mRl8, 
(CRi0R20)nNHS(O)2Rl8. (CRl0R20)nNRi3Rl4, (CRioR20)nN02, 
(CRioR20)nCN, (CRioR20)n«02Rl8, (CRioR20)nS(6)m'NRi3Ri4, 

25 (CRioR20)nCORil, (CRioR20)nOC(Z)Ri 1, (GRloR20)nC(Z)ORi 1, 
(CRioR20)nC(Z)NRi3Rl4. (CRioR20)nC(Z)NRi 1OR9, 
(CRioR20)nNRlOC(Z)Ri 1, (CRioR20)nNRlOC(Z)NRi3Rl4. 
{CRl0R20)nN(OR6)C(Z)NRi3Rl4, (CRioR20)nN(OR6)C(Z)Ri 1, 
(CRi0R20)nC(=NOR6)Rl 1. (CRioR20)nNRioC(=NRi9)NRi3Rl4. 

30 (CRioR20)nOC(Z)NRi3Rl4, (CRioR20)nNRlOC(Z)NRi3Rl4. 
(CRioR20)nNRloC(Z)ORio, 5-(Ri8)-l,2,4-oxadizaol-3-yl or 
4-(Ri2>5-(Ri8Ri9)-4»5-dihydro-1^.4-oxadiazol-3-yI; wherein the aryl, aiylalkyl, 
heteroaryl, heteroaryl alkyl, heterocyclic and heterocyclic alkyl groups may be 
optionally substituted; 

35 n is an integer having a value of 1 to 10; 
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n' is 0, or an integer having a value of 1 to 10; 
ID is 0, or the integer 1 or 2; 
Z is oxygen or sulfur; 
m*is 1 or 2, 

5 R3 is heterpcyclyl, heterocyclylC no alkyl or Rg; 

R5 is hydrogen, Ci-4 alkyl. C2-4 alkenyl, C2-4 alkynyl or NR7R17, excluding the 

moeities -SR5 being -SNR7R17 and -SOR5 being -SOH; 
R6 is hydrogen, a phaimaceutically acceptable cation, Cj-io alkyl, C3.7 cycloalkyl, 
aiyl. arylCi^ alkyl, heteroaryl, het^oarylalkyl, heterocyclyl, aroyl, or Ci-io 
10 alkanoyi; 

R7 and Ri7 is each independently selected from hydrogen or C1-4 alkyl or R7 and R17 
together with the nitrogen to which they are attached form a heterocyclic ring of 5 
to 7 members which ring optionally contains an additional heterbatom selected 
from oxygen, sulfur or NR15; 
15 Rg is Ci-io alkyl, halo-substituted Cmo alkyl, C2-10 alkenyl, C2-IO alkynyl. C3-7 
cycloalkyl, C5.7 cycloalkenyl, aryl, arylCi-io alkyl, heteroaryl. heteroarylCi-io 
alkyl. (CRioR20)nORii. (CRioR20)nS(0)mRl8. (CRl0R20)nNHS(O)2Rl8, 
(CRl0R20)nNRl3Rl4; wherein the aiyl, arylalkyl, heteroaryl. heteroaryl alkyl 
may be optionally substituted; 
20 R9 is hydrogen, -C(Z)Ri i or optionally substimted Ci-io alkyl, S(0)2Rl8. optionally 
substituted aryl or optionally substituted aiyl-Ci-4 alkyl; 

RlO and R20 is each independently selected frorn hydrogen or C1-4 alkyl; 

Rll is hydrogen, Cmo alkyl, C3.7 cycloalkyl, heterocyclyl. heterocyclyl Ci-ioalkyl, 
aiyU arylCi-io alkyl, heteroaryl or heteroarylCi-io alkyl; 
25 R 1 2 is hydrogen or Ri 6; 

Rl3 and R14 is each independendy selected from hydrogen or optionally substituted 
Ci^ alkyl, optionally substituted aryl or optionally substituted aryl-Ci-4 alkyl, or 
together with the nitrogen which they are attached form a heterocyclic ring of 5 to 7 
members which ring optionally contains an additional heteroatom selected from 
30 oxygen, sulfur or NR9 ; 

Rl5 is Rio or C(Z}-Cl-4 allqrl; 

RI6 is Ci-4 alkyl, halo-substituted-Ci-4 alkyl, or C3.7 cycloalkyl; . 
RI8 is Ci-io alkyl, C3.7 cycloalkyl, heterocyclyl aiyl, arylalkyl. heterocyclyl. 
heterocyclyl-Ci-ioalkyl, heteroaryl or heteroarylalkyl; 
35 Ri9 is hydrogen, cyano. Cm alkyl, C3.7 cycloalkyl or aryl; 
or a pharmaceutically acceptable salt thereof . 
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PETAILED pEgCRlFJTQN QF THP JNypNTyON 

The novel compounds of Fonnula (I) may also be used in association with the 
veterinary treatment of mammals* other than humans, in need of inhibition of cytokine 
inhibition or production. In particular, cytokine mediated diseases for treatment, 
5 therapeutically or prophylactically, in animals include disease states such as those 
noted herein in the Methods of Tteatment section, but in particular viral infections. 
Examples of such viruses include, but are not limited to, lendvirus infections such as, 
equine infectious anaemia virus, caprine arthritis virus, visna virus, or maedi virus or 
retrovirus infections, such as but not limited to feline immunodeficiency virus (FIV), 
10 bovine immunodeficiency virus, or canine immunodeficiracy virus or other retroviral 
infections. 

In Formula (I), suitable Ri moieties includes 4rpyridyl, 4-pyrimidinyl, 4- 
quinolyl, 6-isoqutnolinyl, 4-quinazoIinyl, I-imidazolyl and 1-benzimidazolyl, of which 
the 4-pyridyl, 4-pyrimidinyl and 4-quinolyl are preferred. More preferred is an 

15 optionally substituted 4-pyrimidinyI and an optionally substimted 4-pyridyl, and most 
preferred is the an optionally subsdtuted 4-pyrimidinyl ring. 

Suitable substituents for the Ri heteroaryl rings are alkyl, halo, OH, Ci^ 
alkoxy, Ci-4 alkylthio, Ci-4 alkylsulfmyU CH2OR12, NR10R2O. or an N-heterocyclyl 
ring which ring has from S to 7 members and optionally contains an addidonal 

20 heteroatom selected from oxygen, sulfur or NR15. A preferred substituent for all Ri 
moieties is C1-4 alkyl, in particular methyl, and NRioR20> preferably where RiQ and 
R20 sre hydrogen or methyl, more preferably Rio and R20 are hydrogen. A more 
preferred substiment is the NR10R2O moiety. Preferred ring placement of the Ri 
substituent for on the 4-pyridyl derivative is the 2-position, such as 2-methyl.4-pyridyl. 

25 Preferred ring placement on the 4-pyriraidinyl is also at the 2-position, such as 2t 
methyl-pyrimidine or 2-amino pyrimidine. 

Suitably, R4 is phmyl, naphth-l-yl or naphth-2-yl, or a heteroaryl, which is 
optionally substituted by one or two substituents. More preferably R4 is a phenyl or 
naphthyl ring. Suitable substitutions for R4 when this is a 4-phenyl, 4-naphth- 1-yl, 5- 

30 naphih-2-yl or 6-n^hth-2-yl moie^^ are one or two substituents each of wtdch are 
independenUy selected from halogen, -SR5, -SOR5, -OR6, CF3, or 
-(CRioR20)mNRlOR20» and for other positions of substitution on these rings 
preferred subs;titution is halogen, -S(0)mR3» -OR3, CF3, -(CRioR20)mNRl3Rl4, 
-NRi0C(Z)R3 and -NRioS(0)niR3- Preferred substituents for the 4-position in phenyl 

35 and naphth-l-yl and on the 5-position in naphth-2-yl include halogen, especially fluoro 
and chloro and -SR5 and -SOR5 wherein R5 is preferably a C1.2 alkyl, more 
preferably methyl; of which the fluoro and chloro is more preferred, and most 
especially preferred is fluoro. Preferred substituents for the 3-position in phenyl and 
naphth-l-yl rings include: halogen, especially fluoro and chloro; -OR3, especially Ci^ 
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alkoxy; CF3, NRl6R20» such as amino; -NRl0C(Z)R3, especially -NHCO(Ci.io 
alkyl); -NRi0S(O)mR8. especiaUy -NHSO2(Ci.i0 alkyl), and -SR3 and -SOR3 
wherein R3 is preferably a Ci-2 allcyl, more preferably methyl. When the phenyl ring 
is disubstituted preferably it is two independent halogen moieties, such as fluoro and 
5 chloro, preferably di-chloro and more preferably in the 3,4-position. 

Preferably, the R4 moiety is an unsubstitoted or substitoted phenyl moiety. 
More preferably, R4 is phenyl or phenyl substituted at the 4-position with fluoro and/or 
substituted at the 3-position with fluoro, chloro, Ci^ alkoxy, methane-sulfonamido or 
acetamido, or R4 is phenyl di-substimted at the 3,4-position with chloro or fluoro, more 
10 preferably chloro. Most preferably R4 is a 4-flaorophenyL 

In Formula (I), suitably Z is oxygen. 

Suitably, R2 is Ci- 10 alkyl N3, -(CRioR20)n' OR9, heterocyclyl. 
heterocyclylCi-io alkyl, Ci-iQaUcyU halo-substituted Ci-io alkyl, C2-10 alkenyl, C2- 
10 alkynyl, C3.7 cycloalkyl, C3-7cycloalkyICi-io alkyl, C5-7 cycloalkenyl, C5-7 

15 cycloalkenyl Ci-io alkyl, aryl, arylCi- 10 alkyl, tieteroaryl, heteroarylCi- 10 alkyl, 
(CRi0R20)nORil, (CRioR20)nS(0)mRl8» (CRioR20)nNHS(0)2Rl8. 
(CRioR20)nNRl3Rl4, (CRioR20)nN02. (CRioR20)nCN, (CRioR20)n'S02Rl8» 
(CRi0R20)nS(O)m'NRi3Ri4, (CRioR20)nC(Z)Rii, (CRioR20)nOC(Z)Rii, 
(CRioR20)nC(Z)ORii, (CRioR20)nC(Z)NRi3Rl4, (CRioR20)nC(Z)NRiiOR9, 

20 (CRioR20)nNRlOC(Z)Rii,(CRioR20)nNRlOC(Z)NRi3Rl4. 

(CRioR20)nN(OR6)C(Z)NRi3Rl4. (CRioR20)nN(OR6)C(Z)Ri 1, 
(CRioR20)nC(=NOR6)Rll»(CRioR20)nNRloC(=NRi9)NRi3Rl4* 
(CRi0R20)nOC(Z)NRi3Rl4, (CRloR20)nNRlOC(Z)NRi3Rl4, 
(CRioR20)nNRlOC(Z)ORio, 5-(Ri8>l,2,4.oxadizaol-3-yl or 

25 4-(Ri2)-5-(Ri8Ri9)-4^-dihydn>- l,2,4-oxadia20l-3-yl;wherein the aryl, arylalkyl, 
heteroaryl, heteroarylalkyl, heterocyclic, and heterocyclicaklyl moieties may be 
optionally substituted; wherein n is an integer having a value of 1 to 10, m is 0, or the 
integer 1 or 2; n' is 0, or an integer having a value of 1 to 10; and ra' is I or 2. 
Preferably n is 1 to 4. 

30 

Preferably R2 is an optionally substimted heterocyclyl ring, and optionally 
substituted heterocyclylCi-io alkyl, an optionally substituted Ci-io alkyl, an 
optionally substituted C3-7cycloalkyl, an optionally substituted C3-7cycloalkyl Ci-io 
alkyl, (CRioR20)nC(Z)ORii group, (CRioR20)nNRl3Rl4* 
35 (CRioR20)nNHS(0)2Rl8, (CRl0R20)nS{O)raRl8, an optionally substituted aryl; an 
optionaUy substituted arylCi-lo alkyl, (CRioR20)nORl l, (CRioR20)nCCZ)Ri l, or 
(C3lioR20)nC(=NOR6)Rl 1 group. 
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More preferably R2 is an optionally substituted heterocyclyl ring, and 
optionally substituted heterocycIylCi-io alkyl, optionally substituted aryl, 
(CRioR20)nNRi3Rl4. or (CRioR20)nC(Z)ORii group. 

When R2 is an optionally substituted heterocyclyl the ring is preferably a 
5 morpholino, pymolidinyl, or a piperidinyl group. When the ring is optionally 

substituted the substituents may be directly attached to the free nitrogen, such as in the 
piperidinyl group or pyrrole ring, or on the ring itself. Preferably the ring is a 
piperidine or pyrrole, more preferably piperidine. The heterocyclyl ring may be 
optionally substituted one to four times independently by halogen; Ci^ alkyl; aryl, 

10 such as phenyl; aryl alkyl, such as. benzyl - wherein the aryl or aryl alkyl moieties . 
themselves may be optionally substitued (as in the definition section below); 
C(0)ORi 1. such as the C(0)Ci-4 alkyl or C(0)OH moieities; C(0)H; C(0)Ci-4 alkyl, 
hydroxy substituted C1.4 alkyl, Ci-4 alkoxy, S(0)niCi-4 alkyl (wherein m is 0, 1, or 
2), NR10R2O (wherein Rio and R20 are independently hydrogen or Ci-4allcyl). 

IS Preferably if the ring is a piperidine, the ring is attached to the imidazole at the 

4-position, and the substiments are directly on the available nitrogen, i.e. a l-FormyI-4- 
plperidine, l-benzyl-A-piperidine, l-methyl-4-piperidine, l-ethoxycarbonyl-4- 
piperidine. If the ring is substituted by an alkyl group and the ring is attached in the 4- * 
position, it is preferably substituted in the 2 or 6 position or both, such as 2,2,6,6- 

20 tetramethyl-4-piperidine. Siiniarly, if the ring is a pyrrole, the ring is attached to the 
imidazole at the 3-position, and the substituents are aldo directly oil the available 
nitrogen. 

When R2 is an optionally substituted heterocyclyl Ci-iO alkyl group, the ring is 
preferably a morpholino, pyrrolidinyl, or a piperidinyl group. Preferably this alkyl 

25 moiety is from 1 to 4, more preferably 3 or 4, and most preferably 3, such as in a 
propyl group. Preferred heterocyclic alkyl groups include but are not limited to, 
morpholino ethyl, morpholino propyl, pyrroUidinyl propyl, and piperidinyl propyl 
moieties. The heterocyclic ring herein is also optionally substiuted in a similar maimer 
to that indicated above for the direct attachement of the heterocycyl. 

30 When R2 is an opdonally substituted Cs-ycycloalkyl, or an optionally 

substituted C3-7cycloalkyl Ci-io alkyl, the cycloall^l group is preferably a CS to C6 
ring which ring may be optionally substituted 1 or more times independdy by halogen, 
such as fluoriiie, chlorine, bromine or iodine; hydroxy; Ci-io alkoxy, such as methoxy 
or ethoxy; S(0)m alkyl, wherein m is 0, 1, or 2, such as methyl thio, methylsulfinyl or 

35 methyl sulfonyl; amino, mono & di-substituted amino, such as in the NR7R17 group; 
or where the R7R17 may cyclize together with the nitrogen to which they are attached 
to form a 5 to 7 membered ring which optionally includes an additional heteroatom 
selected from O/N/S; Ci-io alkyl, such as methyl, ethyl, propyl, isopropyl, or t-butyl; 
halosubstitued alkyl, such as CF3; hydroxy substituted Ci-ioalkyl; C(0)ORii, such as 
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the free acid or methyl ester derivative; an optionally substituted aryl, such as phenyl; 
an optionaliy substituted arylalkyl, such as benzyl of phenethyl; and further where 
these aryl moieties may also be substituted one to two times by halogen; hydroxy; C]. 
10 alkoxy; S(0)£n allsyl; amino, mono & di-substituted amino, such as in the NR7R17 
5 group; alkyi orhalosubstitued alkyl. 

When R2 is (CRioR20)nNRi3Rl4. Rl3 and R14 are as defined in Formula 
CO, that is Ri3 and R14 are each independently selected from hydrogen, optionally 
substituted Ci^ alkyl, optionally substituted axyl or an optionally substituted aryl-Ci^ 
alkyl, or together with the nitrogen which they are attached form a heterocyclic ring of 
10 5 to 7 members which ring optionally contains an additional heteroatom selected from 
oxygen, sulfur or NR9. It is recognized that in some instances this can yield the same 
moiety as a heterocyclic Ci-io alkyl moiety noted above which is also a suitable R2 
variable. Piefa-ably R13 and R14 are ihdepwidently hydrogen, Ci -4 alkyl, preferably 
methyl, or benzyl The n term is preferably 1 to 4, more preferably 3 or 4, and most 
15 preferably 3, such as in a propyl group. Preferred groups include, but are not limited 
to, arainopropyl, (N-methyl-N-benzyl)arainopropyl, (N-Phenylmethyl)amino-l-propyl, 
or diethylamino propyl 

When R2 is a (CRioR20)nC(Z)ORi 1 group, Rll is suitably hydrogen, Cl-4 
. alkyl, especially methyl The n term is preferably 1 to 4, more preferably 2 or 3, such 
20 as in an ethyl or propyl group. Preferred groups include, but are not limited to, . 
carboxymethyl-l-butyl, carboxy-1 -propyl, or 2-acetoxyethyL 

When R2 is a (CRioR20)nS(0)niRl8 group m is 0, 1, or 2, and Ri g is 
preferably aryl, especially phenyl, or Ci-iQ alkyl, especially methyl The n terra is 
preferably 1 to 4, more preferably 2 or 3, such as in an ethyl or propyl group. 
25 When R2 is a (CRioR20)nORi 1 group, Ri 1 is suitably hydrogen, aryl, 

especially phenyl, or Ci-io alkyl. especially methyl or ethyl The n term is preferably 
1 to 4, more preferably 2 or 3, such as in an ethyl or propyl group. 

When R2 is a (CRioR20)nNHS(0)2Rl8 group, R18 is suitably alkyl 
especially methyl Hie n term is preferably 1 to 4, more preferably 2 or 3, such as in an 
30 ethyl or propyl group. 

When R2 is a optionally substituted aryl, the aryl is preferably phenyl The aryl 

ring may be optionally substituted one or more times, preferably by one or two 
substituents, independently selected from Ci^ alkyl halogen, especially fluoro or 
chloro, (CRioR20)tORii, -(CRioR20)tNRloR20 ♦ especially amino or mono- or di- 
35 alkylamino-(CRibR20)tS(O)niRl8»whCTeinmis0, lor2;-SH-. 

-(CRioR20)nNRl3Rl4» -NRioC(Z)R3 (such -NHCO(Ci-iO alkyl)); -NRioS(0)mR8 
(such as -NHSO2(Ci-i0 alkyl)); t is 0, or an integer of 1 to 4. Preferably the phenyl is 
substituted in the 3 or 4- position by -(CRioR20)tS(0)mRl8* and Rig is preferably 
Ci-io alkyl especially methyl 
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When R2 is an optionally substituted heteroaiyl or heteroarylalkyl group the 
ring may be optionally substituted one or more times, preferably by one or two 
substituents, independently selected from one or more times, by Ci-4 alkyl. halogen, 
especially fluoro or chloro, (CRioR20)tORll. -(CRioR20)tNRloR20 » especially 
5 amino or mono- or di-alkylamino -(CRioR20)tS(0)mRl8» wherein m is 0, 1 or 2 ; - 
-(CRioR20)n-NRl3Rl4. -NRioC(Z)R3 (such -NHCOCCl-lO alkyi)); 
-NRl0S(O)mR8 (such as -NHSQ2(Ci-io alkyl)); t is 0, or an integer of 1 to 4. 

One skilled in the art would readily recognize that when R2 is a 
(CRioR20)nOC(Z)Ri i, or (CRioR20)nOC(Z)NRi3Rl4 moiety, or any similarly 
10 substituted group that h is preferably at least 2 which will allow for the synthesis of 
stable compounds. 

Preferably R2 is a C1.4 alkyl (branched and unbranched), especially methyl, a 
methylthio propyl, a methylsulfinyl propyl, an anaino propyl, N-methyl-N-benzylamino 

15 propyl group, diethylamino propyl, cyclopropyl methyl, morpholinyl butyl, 

morpholinyl propyl, a morpholinyl ethyl, a piperidine or a substituted piperidine. 
More preferably R2 is a methyl, isopropyl, butyl, t-butyl, n-propyl. mefliylthiopropyl, 
or methylsulfinyl propyl, morpholino propyl, morpholinyl butyl, phenyr substituted by * 
halogen, thioalkyl or sulfinyl alkyl such as a methyldWo, methylsulfinyl or 

20 methylsulfonyl moiety; piperidinyl, I-Formyl-4-piperidine, l-ben2yl-4-piperidine, 1- 
methyl-4-piperidine, ora l-ethoxycarbonyl-4-piperidine. . 

In all instances herein where there is an akenyl or alkynyl moiety as a 
substituent group, the unsaturated linkage, ie„ the vinylene or acetylene linkage is 
preferably not directly attached to the nitrogen, oxygen or sulfur moieties, for instance 

25 in OR3, or for certain R2 moieties- 

As used herein, "optionally substituted" unless specifically defined shall mean 
such groups as halogen, such as fluorine, chlorine, bromine or iodine; hydroxy; 
hydroxy substimted Ci-ioalkyl; Ci-io alkoxy. such as methoxy or ethoxy; S(0)m 
alkyl, wherrin m is 0, 1 or 2, such as methyl thio, methylsulfinyl or methyl sulfonyl; 

30 amino, mono & di-substituted amino, such as in the NR7R17 group; or where the 

R7R17 may together with the nitrogen to which they are attached cyclize to form a S to 
7 membered ring which optionally includes an additional heteroatom selected from 
O/N/S; Ci-io alkyl, cycloalkyl, or cycloalkyl alkyl group, such as methyl, ethyl, 
propyl, isopropyl, t-butyU etc. or cyclopropyl methyl; halosubstituted Ci.io alkyl, such 

35 CF3; an optionally substituted aryl, such as phenyl, or an optionally substituted 
arylalkyl, such as benzyl or phenethyl, wherein these aryl moieties may also be 
substimted one to two times by halogen; hydroxy; hydroxy substituted alkyl; Ci-io 
alkoxy; S(0)m alkyl; amino, mono & di-substituted amino, such as in the NR7R17 
group; alkyl, orCF3. 
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In a preferred subgenus of compounds of Formula (I), Ri is 4-pyridyl, .2-alkyl- 
4-pyridyl, 4-quinoIyl, 4-pyrimidinyl, or 2-amino-4-pyrimidinyl; R2 is morpholinyl 
propyl, aminopropyl, piperidinyl, N-benzyI-4-piperidine, or a N-metfayIr4-piperidine; 
5 and R4 is phenyl or phenyl substituted one or two times by fluoro, chloro, Ci^ alkoxy, 
-S(0)ni alkyl, methanesulfonamido or acetamido. 

A preferred subgrouping of compounds of Formula (I) are those where R2 is 
other than methyl when Ri is pyridyl, and R4 is an optionally substituted phenyl. 

10 Suitable pharmaceutically acceptable salts are well known to those skilled in 

the art and include basic salts of inorganic and organic adds, such as hydrochloric acid, 
hydrobromic acid, sulphuric add, phosphoric add, methane sulphonic add, ethane 
sulphonic acid, acetic add, malic add, tartaric acid, citric acid, lactic acid, oxalic add, 
succinic add, fumaric add, maleic add, benzoic add, salicylic add, ph»iylacetic acid 

IS and mandelic acid. In addition, pharmaceutically acceptable salts of compounds of 
Formula (I) may also be formed with a pharmaceutically acc^table cation, for 
instance, if a substituent group comprises a carboxy moiety. Suitable pharmaceutically 
acceptable cations are well known to those skilled in the art and include alkaline, 
alkaline earth, ammonium and quaternary ammonium cations. 

20 

The following terms, as used herein, refer to: 

• "halo" or "halogens", include the halogens: chloro, fluoro, bromo and iodo. 

• "Cj.ioalkyr or "alkyl" - both straight and branched chain radicals of 1 to 10 

carbon atoms, unless the chain length is otherwise limited, including, but not limited to, 
25 methyl, ethyl, n-prppyl, iso-propyl, n-butyl, jec-butyl, wo-butyl, /£r/-butyl, n-pentyl 
and the like. 

• The term "cycloalkyl" is used herein to rhean cyclic radicals, preferably of 3 
to 8 carbons, induding but not limited to cyclopropyl, cyclopentyl, cyclohexyl, and the 
like, 

30 • The term "cycloalkenyr is used herein to mean cyclic radicals, preferably of 

S to 8 carbons, which have at least one bond including but not limited to cyclopentenyl, 
cyclohexenyl, and the like. 

• The term "alkenyl" is used herein at all occummces to mean straight or 

35 branched chain radical of 2-10 carbon atoms, unless the chain length is limited thereto, 
including, but.not limited to ethenyl, l-propenyl, 2-propenyl, 2-methyl-l-propenyl, 1- 
butrayl, 2-butenyl and the like. 

• "aryl" - phenyl and naphthyl; 
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• "heteroaryr (on its own or in any combination, such as "heteroaryloxy", or 
"heteroaryl alkyl") - a 5- 10 membered aromatic ring system in which one or more rings 
contain one or more heteroatoms selected fix5m the group consisting of N, O or S, such 
as, but not limited, to pyrrole, pyrazole, furan, thiophene, quinoline, isoguinoline, 

5 quinazolinyl, pyridine, pyrimidine, oxazole, thiazole, thiadiazole, triazole, imidazole, 
or benzimidazole. 

• ''heterocyclic" (on its own or in any combination, such as "heterocyclylalkyl") 
- a saturated or partially unsaturated 4-10 membered ring system in which one or more 
rings contain one or more heteroatoms selected from the group consisting of N, O, or 

10 S; such as, but not limited to, pyrrolidine, piperidine, piperazine, morphoIine» 
tetrahydro pyran, or imidazolidine, 

• The term "araHcyr or "heteroarylalkyr or "heterocyclicalkyl" is used herein 
to mean Ci^ alkyl as defined above attached to an aryl, heteroaryl or heterocyclic 
moiety as also defined herein unless otherwise indicate. 

15 • "sulfinyr- the oxide S(0) of the corresponding sulfide, the term "thio" 

refers to the sulfide, and the term "sulfonyl" refers to the fully oxidized S (0)2 moiety. 

• "aroyr - a C(0) Ar, wherein Ar is as phoiyl, naphthyl, or aryl alkyl 
derivative such as defined above, such group include but are note limited to benzyl and 
phenethyl, 

20 • "alkanoyr - a C(O)Ci.i0 alkyl wherein the alkyl is as defined above. 

The compounds of the present invention may contain one or more asymmetric 
carbon atoms and may exist in racemic and optically active forms. All of these 
compounds are included within the scope of the presejit invention. 

25 

Exemplified compounds of Formula 0) include: 
l-[3-(4-MorphoIinyl)propyll-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-(3-Chloropropyl>-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-(3-AzidopropyI)-4-(4-fluorophenyl)-5-(4-pyiidyl)imidazole; 
30 l-(3-Aminopropyl>4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-(3-Methylsulfonamidopn)pyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-[3-(N-Phenylmethyl)aminopropyl]-4-(4-fluoroph«iyl)-5-(4-pyridyl)iraidazole; 

l-[3-(N-PhenylmethyI-N-methyl)aminopropyl)-4-(4-fluorophenyl>5-(4- 

pyridyl)imidazoIe; 

35 l-[3-(l-Pyrrolidmyl)propyl]-4-(4-fluorophenyl)-5-(4-pyridyl)iraidazole; 
l-(3-Diethylaminopropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-[3-(l-Piperidinyl)propyl]-4-(4-fluorophenyl>5-(4-pyridyI)imidazole; 
l-[3-(Methylthio)propyll-4-(4-fluorophenyI)-5-(4-pyridyi)imidazole; 
l-[2-(4-MorpholinyI)ethyl]-4-(4-fluorophenyl)-5-(4-pyridyI)imidazole; 
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l-[3-(4-Morpholinyl)propyl]-4-(3-methyIthiophenyI)-5-(4-pyridyl)imida^ 
l-[3-(4-Morpholinyl)propyl]-4-(3-methyIsulfinylphenyI>5-(4-pyridyI^ 
l-[3-(N-methyl-N-benzyl)aminopropyl]-4-(3-raethylthiophenyl)-5-(4- 
pyridyI)imida2ole; 
5 1 -[3-(N-raethyl-N-ben2yl)aminopropyl]-4-(3-methylsulfinyIpte 
pyridyl)imidazole; 
l-[4-(MethyltWo)phenyl]-4-(4-fluorophenyl)-5-(4-pyridyl)imida2ole; 
l-[4-(Methylsulfmyl)phenyI]-4-(4-fluorophenyl)-5-(4-pyndyl)m 
I -[3-(MethyltWo)phenyl]-4-(4-fluorophenyl)-5-(4-pyiidyl)imida2ole; 

10 l-I3-(Methylsulfinyl)phenyI]-4-(4rfluorDphenyl)-5-(4-pyridyl)m^ 
l-I2-(Methylthio)phenyI]-4-(4-fluoit)phenyI)-5-(4-pyridyl)imid^ 
l-[2-<Methylsulfmyl)phenyl]-4-(4-fluorophenyl)-5K4-pyridyl)imid^ 
l-[4-(4-Morpholinyl)butyI]-4-(4-fluorophenyl)-5-(4-pyridyl)imidaM 
l-CycIopropyl-4-(4-fluorophenyI)-5-(4-pyridyI)imidazole; 

15 1 •l5opropyl-4-(4-fluorophenyl)-5-(4-pyridyl)iniidazole; 

l-CycIopropylmethyl-4-(4-fluorophenyI)-5-(4-pyridyI)imida2ole; 

l-tert-Butyl-4-(4-fluorophenyl)-5-(4-pyridyl)imida2ole; 

1 -(2;2-Diethoxyethyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazoIe; 

l-FormylmethyI-4-(4-fluorophenyl)-5-(4-pyridyI)imidazoIe; 

20 l-Hydroxyiminylmethyl-4-(4-fluorophenyl)-5-(4-pyridyI)imidazol^ 
l-Cyanomethyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazple; 
l-[3,(4.Morpholinyl)propyl)-4-(4-fluorophenyl)-5-(2-methyIpyrid-4-yl)i^ 
4-(4-HuorophenyI)-l-t3-(4-moipholinyl)propyI]-5-(2-chloropyridin-4-yl) imidazole; 

4- (4-Fluorophenyl)-l-[3-(4-moiphoIinyl)propyI]-5-(2-amin(>-4-pyrid^ imidazole; 
25 l-(4-Caiboxymethyl)propyI-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-(4-Caiboxypropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-(3<;aiboxymethyl)ethyl-4-(4-fluorophenyl)-5-(4-pyridyI)imidazoIe; 
l-(3-Carboxy)ethyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-(l-Benzylpiperidin-4-yl)-4-(4-fluorophenyl)-5-(4-pyridyl) imidazole; 
30 5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyI)-l-I3-(4-MorpholinyI)propyJ] imidazole; 

5- (2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-l-(l-benzylpiperidin-4-yI)imidazote 
5-(2-Aminopyriraidin-4-yl)-4-{4-fluorophenyl)-I-(2-propyl)imidazole; 
5-(2-Arainop>Timidin-4-yl)-4-(4-fluorophenyI)-I-(cyclopropyImeA^^ 
5-(2-Aminopyrimtdin-4-yI)-4-(4-fluorophenyl>- l-(l-caiboxyethyl-4- 

35 piperidinyl)imidazole; 

5-(2-Aminopyriitudin-4-yl)-4-(4-fluorophenyl)-l-(4-piperidinyI) imidazole; 
l-Methyl-4-phenyl-5-(4-pyridyl)imidazole; 
l-Methyl-4-[3-(chl6rophenyl)l-5-[4-pyridinyl]imidazole; 
l-Methyl-4-(3-melhylthiophenyl)-5-(4-pyridyl)imidazole; 
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l-Melhyl-4-(3-raethylsulfinyIphenyl)-5-(4-pyridyl)imidazole; 
(-f/-)-4-(4-Huorophenyl)-l-[3-(methylsulfmyl)propyl]-5-(4-pyri 
4-(4-Huorophenyl>l-[(3-methylsulfonyI)propyl]-5-(4-pyridinyl)iraidazoIe; 
l-(3-PhenoxypropyI)-4-(4-fluorophenyI)-5-(4-pyiidmyl)imidazole; 
5 1 -[3-(PhenyIthio)propyI]-4-(4-fluorDphenyl)-5-(4-pyridinyI)imidaTO 
l-[3-(4-Morpholinyl)propyI]-4-(4-fluorophenyl>5-(4-quinol^^^ 
(+/-)-l-(3-PhenylsuIfinylpropyl)-4-(4-fluorophenyl)-5-(4-pyridinyO 
l-(3-Ethoxypix)pyl)-4-(4-fluorophenyl)-5-(4-pyridinyI)imida^ 
l-(3-Phenylsulfonylpropyl-4-(4-fluorophenyl>5-(4-pyridinyl)imida2ote 
10 l-[3K4-MorphoIinyl)propyl]-4-(3<Worophenyl>5K4-pyridyl)imida^^ 

l-[3-(4-Morpholinyl)propyl]-4-PAdichlorophenyl)-5-(4-pyridyl)im ; 
4-[4-(4-Huorophenyl)-l-[3-(4-morphoIinyl)propyl]-5-(pyiimid-2K^^ 

4- (4-Fluorophenyl>5-t2-(methylthio)-4-pyrimidinyl]-l-[3-(4-mor^^ 

imidazole; 

15 4-(4-Huorophenyl>5-[2-(methylsulfinyl)-4-pyrimidinyl]-l-[ 
propyl]imidazoIe; 
(E>l-(l-Propenyl)-4-(4-fluorophenyl)-5-(4-pyridinyI)imida2ole; 
l-(2-Pn)penyl)-4-(4-fluorophenyl)-5-(4-pyridinyl)iimdazoIe; 

5- [(2-N,N-Dimethylamino)pyriniidin-4-yl]-4-(4-fluorop 
20 propyljimidazole; 

l.[3.(4.MorpholinyI)propyl]-5-(4-pyridinyl)-4-[4Ktri£luoromethyl)p^ 
l-[3-(4-Morpholinyl)propyl]-5-(4-pyridinyl)-4-t3-(trifluoromethyl)phen ; 
l-(Cyclopropylmethyl)-4-(3,4-dichIorophenyl)-5-(4-pyridinyl)^ 
l-(Cyclopropytaethyl)-4^(3-trifluoromethylphenyl>5K4-pyridinyl)i^ 
25 I-(Cyclopropylraethyl)-4-(4-fluorophenyl)-5-(2-methyIpyrid-4^yl)im 
l-[3-(4-Morpholinyl)propyl]-5-(4-pyridinyl)-4-(3^-bistrinu^^ 
imidazole 

5-[4-(2-Aminopyrimidinyl)]-4-(4-fluorophenyl)- l-(2-caii)Oxy-2^- 

dim&thylethyl)iroidazoIe; 
30 l-(l-Formyl-4-pipaidinyl)-4-(4-fluorophenyl)-5-(4-pyridinyl)imidazote 

5-(2-Amino-4-pyrimidinyl)-4-(4-fluorophenyl)-l-(i-methyl-4-piperidinyl)imidaM 
l-(2,2-Dimethyl-3-morpholin-4-yl)propyl-4-(4-fluorophenyI>5-(2-Amino-4- 

pyrimidinyI)imidazole; 

4- (4-Fluorophenyl)-5-(4-pyridyl)-l-(2-acetoxyethyI)imidazole. 

35 5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl>l-(l-benzylpyrrolin-3-yl)^ 

5- (2-Aminopyriraidm-4-yl>4-(4-fluorophenyl)-l-(2^,6,6-tetramethylpip^ 

yI)imidazole. 
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Preferred compounds of Formula (I) include: 

5-[4-(2-Amino)pyrimidinyl]-^(4-fluorophenyl)-l-(4-N-moipholino-l- 
propyI)imida20le; 

5-[4-(2-Ammopyrimidinyl)-4-(4-fluorophenyl)-l-(l-benzyl-4-piperidm 
5 5-(2-Amino-4-pyrimidinyI)-4-(4-fluorophenyl)- 1 -(4-piperidinyl)imidazole; 
5-(2-Amino-4-pyrinudinyl)-4-(4-fluorophenyI)- 1 -( I -methyl-4-piperidmyl)- 
imidazole. 

Another aspect of the present invention is the compound, 4-phenyl-5-[4- 
10 pyridyI)unidazole. Another aspect is of the present invention is a pharmaceutical 
composition comprising a carrier or diluent and effective amount of 4-phenyl-5-[4- 
pyridyI)iraidazole. Yet another aspect of the present invention is the novel method of 
treating a cytokine mediated disease state, in a mammal in need thereof, with an 
effective amount of 4-phenyl-5-[4-pyridyl)imida20le, 
IS For purposes herein the dosage ranges, formulation detMls, and methods of 

making are analogous to the compounds of Formula (I). 

The compounds of Formula (I) may be obtamed by applying synthetic 
procedures, some of which are illustrated in Schemes I and V. Hie synthesis provided 

20 for in these Schemes is applicable for the producing compounds of Formula (J) having a 
variety of different Ri, R2, and R4 groups which are reacted, employing optional 
substituents which are suitably protected, to achieve compatibility with the reactions 
outlined herein. Subsequent deprotection, in those cases, then affords compounds of the 
nature generally disclosed. Once the imidazole nucleu^ has been established, further 

25 compounds of Formula (I) may be prepared by applying standard techniques for 
functional group interconversion, well known in the art 

For instance: -C(0)NRl3Rl4 from -CO2CH3 by heating with or without 
catalytic metal cyanide, e.g. NaCN. and HNR13R14 in ClHsOH; -0C(0)R3 from -OH 
with e,g.. C1C(0)R3 in pyridine; -NRio-C(S)NRi3Rl4 from -NHRio with an 

30 alkylisothiocyante or thiocyanic acid; NR6C(0)OR6 from -NHR6 with the alkyl 

chloroformate; -NRi0C(O)NRi3Ri4 from -NHRio by treatment with an isocyanate, 
e.g. HN=C=0 or RioN=C=0; -NRi0-C(O)R8 from -NHRiQ by treatment with Cl- 
C(0)R3 in pyridine; -C(=NRlO)NRi3Ri4 from -C(NRl3Rl4)SR3 with H3NR3+OAc- 
by heating in alcohol; -C(NRi3Ri4)SR3 from -C(S)NRi3Ri4 with R6-I in an inert 

35 solvent, e.g. acetone; -C(S)NRi3Ri4 (where R13 or R14 is not hydrogen) from 
-C(S)NH2 wifli HNRl3Rl4-C(=NCN)-NRl3Rl4 from -C(=NRi3Ri4)-SR3 with 
NH2CN by heating in anhydrous alcohol, alternatively ftiom -C(=NH)-NRi3Ri4 by 
treatment with BrCN and NaOEt in EtOH; -NRio-C(=NCN)SR8 from -NHRio by 
treatment with (RgS)2C=NCN; -NR10SO2R3 from -NHRio by treatment with 
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CISO2R3 by heating in pyridine; -NRioC(S)R3 from ^NRioC(0)Rg by treatment with 
Lawesson's reagent [2.4-K5(4-raethoxyphenyl)-13,2,4-dithiadiphosphetane-2,4- 
- disulfide]; -NR10SO2CF3 from -NHRg with triflic anhydride and base wherein R3, 
R6, RlOf Rl3 and Rl4 are as defined in Formula (I) herein, 

5 

R4CHO (V) +ArS(0\,H R4CH2NH2 (Vni) 




SCHEME I 

Referring to Scheme I the compoimds of Formula (I) are suitably prepared by 
10 reacting a compound of the Formula (H) with a compound of the Formula OH) wherein 
p is 0, 1 or 2, Ri , R2 and R4 are as defined herein, or are precursors of the groups Rj, 
R2 and R4, and Ar is an optionally substituted phenyl group, and thereafter if necessary 
converting a precursor of Rj, R2 and R4 to a group Rj. R2 and R4. 
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Suitably Ar is phenyl optionally substituted by Ci^alkyl, C1.4 alkoxy or halo. 
Preferably Ar is phenyl or 4-methylphenyl. Suitably the reaction is performed at 
ambient temperature or with cooling (e.g. -50® to 10® ) in an inen solvent such as 
methylene chloride, tetrahydrofuran, lolu^e or dimethoxyethane in the presence of an 
5 appropriate base such as 1,8-diazabicyclo [5.4.0,] undec-7-ene (DBU) or a guanidine 
base such as 1,5,7- triazabicyclo [4.4.0] dec-5-ene (TBD). Suitably p is 0 or 2, 
preferably p is 0 in which case the intermediates of formula (11) are very stable and 
capable of storage for a long time. 

Precursors of the groups R], R2 and R4 can be other Ri, R2 and R4 groups 

10 which can be interconverted by applying standard techniques for functional group 
interconversion. For example a compound of the formula (1) wherein R2 is halo 
-substituted Ci-io alkyl can be converted to the corresponding Ci.jo alkylN3 

d^ivative by reacting with a suitable azide salt, and thereafter if desired can be reduced 
to the conresponding Ci.i()alkylNH2 compound, which in turn can be reacted with 
15 Ri8S(0)2X wherein X is halo (e.g., chloro) to yield the corresponding 

Ci-ioalkylNHS(0)2Ri8 compound. 

Alternatively a compound of the formula (1) where R2 is halo-substituted 
Ci-io-alkyl can be reacted with an amine R13R14NH to yield the corresponding 
Ct.io-aIkylNRi3Ri4 compound, or can be reacted with an alkali metal salt of RigSH 
20 to yield the corresponding Ci.io^^'^lSRig compound. 

In a further aspect the present invention provides compounds of the Formula 
(H) as defined herein with the proviso that when ArS(0)p is tosyl, then R4 is not an 

unsubstituted phenyl. 

The compounds of Formula (II), in Scheme I, may be prepared by the methods 
25 of Van Leusen et aL. JOC, 42, 1 153 (1977). For example a compound of the Formula 
(U) may be prepared by dehydrating a compound of the Formula (IV) wherein Ar, R4 

and p are as defined h^ein. 

Suitable dehydrating agents include phosphorus oxychloride, oxalyl chloride or 
tosyl chloride in the presence of a suitable base such as triethylamine, 
30 The compounds of formula (IV) may be prepared by reacting a compound of 

the formula (V) R4CHO where R4 is as defined herein, with ArS(0)pH and formaraide 

under dehydrating conditions at ambient or elevated temperature e.g. 30** to 150°, 
conveniently at reflux, optionally in the presence of an acid catalyst Alternatively 
trimethysilylchloride can be iised in place of the acid catalyst Examples of add 
35 catalysts include camphor- 10-sulphonic acid, p-toluenesulphonic acid, hydrogen 
chloride or sulphuric acid. 

The compounds of the formula (II) where p is 2 may also be prepared by 
reacting in the presence of a strong base a compound of the formula (VI) R4CH2NC 



^0 9S,m91 PCT/US94/07969 



with a compound of the fomula (VII) ArS02Li wherein R4 and Ar are as defined 
herein and Lj is a leaving group such as halo, e.g. fluoro. Suitable strong bases include 
alkyl lithiums such as butyl lithium or lithium diisopropylamide. 

The compounds of formula (VI) may be prepared by reacting a compound of 
5 the formula (Vm) R4CH2NH2 with an alkyl formate (e.g. ethylformafce) to yield an 
intermediate amide which can be converted to the desired isonitrile by reacting with a 
dehydrating agent such as oxalylchloride, phosphorus oxychloride or tosyl chloride in 
the presence of a suitable base such as txiethylamine. 

Alternatively a compound of the formula (Vni) may be converted to a 
10 compound of the formula (VI) by reaction with chloroform and sodium hydroxide in 
aqueous dichloromethane under phase transfix catalysis. 

Tht compounds of the formula (m) may be prepared by reacting a compound 
of the formula RiCHO with a primary amine R2NH2. 

The amino compounds of the formula (Vm) are known or can be prepared from 
IS the corresponding alcohols, oximes or amides using standard functional group' 
interconversions. 



In a further process, compounds of Formula (I) may be prepared by coupling a 
suitable derivative of a compound of Formula (IX): 

20 




wherein T] is hydrogen and T4 is R4 , or alternatively Ti is Rj and T4 is H in which 
Rl, R2 and R4 are as hereinbefore defined; with: (i) when Tj is hydrogen, a suitable 

25 . derivative of the het^oaryl ring RiH, imder ring coupling conditions, to effect 

coupling of the heteroaiyl ring Ri to the imidazole nucleus at position 5; (ii) when T4 
is hydrogen, a suitable derivative of the aryl ring R4H, under ring coupling condidons, 
to effect coupling of the atyl ring R4 to the imidazole nucleus at position 4. 

Such aryl/heteroaryl coupling reactions are well known to those skilled in the 

30 art In general, an organometallic synthetic equivalent of an anion of one component is 
coupled with a reactive derivative of the second component, in the presence of a 
suitable catalyst The aruon equivalent may be formed from either the imidazole of 
Formula (IX), in which case the aryl/heteroaryl compound provides the reactive 
derivative, or the aryl/heteroaryl compound in which case the imidazole provides the 

35 reactive derivative. Accordingly, suitable derivatives of the compound of Formula (EX) 
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or the aryl/heteroaryl rings include organometallic derivatives such as 
organomagnesium, organozinc, organostannane and boronic acid derivatives and 
suitable reactive derivatives include the bromo, iodo, fluorosulfonate and 
trifluoromethanesulphonate derivatives. Suitable procedures are described in WO 
5 91/19497, the disclosure of which is incorporated by reference herein. 

Suitable oiganomagnesium and organpzinc derivatives of a compound of 
Formula (IX) may be reacted with a halogen^ fluorosulfonate or triflate derivative of 
the heteroaryl or aryl iing» in the presence of a ring coupling catalyst, such as a 
palladium (O) or palladium (II) catalyst, following the procedure of Knmada et al., 
10 Tetrahedron Letters, 22, 5319 (1981). Suitable such catalysts include tetrakis' 
(triphenylphosphine)paIladtum and PdCl2[l,4-^£f-(diphenylphosphino)-butane], 

optionally in the presence of lithiimi chloride and a base, such as triethylamine. In 
addition, a nickel (II) catalyst, such as Ni(II)Cl2(l»2-biphenylpho5phino)ethane, may 
also be used for coupling an aryl ring, following the procedure of Pridgen, J Org Chem. 

15 1982,47,4319. Suitable reaction solvents include hexamethylphosphor-amide. When 
the heteroaryl ring is 4-pyridyl, suitable derivatives include 4-bromo* and 4-iodo- 
pyridine and the fluorosulfonate and triflate esters of 4-hydroxy pyridine. Similarly, 
suitable derivatives for when the aryl ring is phenyl include the bromo, fluorosulfonate, * 
. triflate and, preferably, the iodo-derivatives. Suitable organomagnesium and 

20 brganozinc derivatives may be obtained by treating a compound of Formula (DC) or the 
bromo derivative thereof with an alkylUthium compound to yield the corresponding 
lithium reagent by deprotonation or transmetallation, respectively. This lithium 
intermediate may then be treated with an excess of a magnesiimi halide or zinc halide 
to yield the corresponding organometallic reagent 

25 A trialkyltin derivative of the compound of Formula (DC) may be treated with a 

bromide, fluorosulfonate, triflate, or, preferably, iodide derivative of an aryl or 
heteroaryl ring compound, in an inert solvent such as tetrahydrofuran, preferably 
containing 10% hexamethylphosphoramide, in the presence of a suitable coupling 
catalyst, such as a palladium (0) catalyst, for instance tetraJds- 

30 (triphenyIphosphine)paIIadium, by the method described in by Stille, J Amer Chern 
Soc, 1987, 109. 5478, US Patents 4,719,218 and 5.002,942, or by using a palladium 
(n) catalyst in the presence of lithium chloride optionally with an added base such as 
triethylamine. in an inert solvent such as dimethyl formamide. Trialkyltin derivatives 
may be conveniently obtained by m^allation of the corresponding compound of 

35 Formula (IX) with a lithiating agent, such as 5-butyHithium or n-butyllithium, in an 
ethereal solvent, such as tetrahydrofuran, or treatment of the bromo derivative of the 
corresponding compound of Formula (DQ with an alkyl lithium, followed, in each 
case, by treatment with a trialkyltin halide. Alternatively, the bromo- derivative of a 
compound of Formula (DC) may be treated with a suitable heteroaryl or aryl trialkyl tin 
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compound in the presence of a catalyst such as rcrrafaj-(triphenyl-phosphine)- 
palladium, under conditions similar to those described above. 

Boronic acid derivatives are also usefuL Hence, a suitable derivative of a 
compound of Formula (K), such as the brorao, iodo, triflate or fluorosulphonate 
5 derivative, may be reacted with a heteroaryl- or aryl-boronic acid, in the presence of a 
palladium catalyst such as /£rrflJfcf5-(triphenylphosphine)-palladium or PdCl2[l,4-fci5- 

(dipbenyl-phosphino)-butane] in the presence of a base such as sodium bicarbonate, 
under reflux conditions, in a solvent such as dimethoxyethane (see Fischer and 
Haviniga, Rec. Trav. Chim. Pays Bas, 84, 439. 1965, Snieckus, V., Tetrahedron Lett., 

10 29, 2135, 1988 and Terashimia. M., Chem. Pharm, BuU„ 11, 4755, 1985). Non- . 
aqueous conditions, for instance, a solvent such as DMF, at a temperature of about 
100°C, in the presence of a Pd(II) catalyst may also be employed (see Thompson W J 
et al, J Org Chem, 49, 5237, 1984). Suitable boronic acid derivatives may be prepared 
by treating the magnesium or lithium derivative with a trialkylborate ester, such as 

15 triethyl, tri-£j'£?-propyl or tribuQ^lborate, according to standard procedures. 

In such coupling reactions, it will be readily appreciated that due regard must be 
exercised with respect to functional groups present in the compounds of Fonnula (IX). 
Thus, in general, amino and sulfur substiments should be non-oxidised or protected. 
Compounds of Formula (K) are imidazoles and may be obtained by any of the 

20 procedures herein before described for preparing compounds of Formula (I). In 
particular, an a-halo-ketone or other suitably activated ketones R4COCH2Hal (for 
compounds of Formula (K) in which Ti is hydrogen) or RiCOCHiHal (for 
compounds of Formtila (DC) in which T4 is hydrogen) may be reacted with an araidine 
of the formula R2NH-C=NH, wherein R2 is as defined in Formula (I), or a salt thereof, 

25 in an inert solvent such as a halogenated hydrocarbon solvent, for instance chloroform, 
at a moderately elevated temperature, and, if necessary, in the presence of a suitable 
condensation agent such as a base^ The preparation of suitable a-halo-ketones is 
described in WO 91/19497. Suitable reactive esters include esters of strong organic 
adds such as a lower alkane sulphonic or aiyl sulphonic acid, for instance, methane or 

30 p-toluene sulphonic acid. The amidine is preferably used as the salt, suitably the 
hydrochloride salt, which may then be converted into the firee amidine in situ , by 
employing a two phase system in which the reactive ester is in an inert organic solvent 
such as chloroform, and the salt is in an aqueous phase to which a solution of an 
aqueous base is slowly added, in dimolar amount, with vigorous stirring. Suitable 

35 araidines may be obtained by standard methods, see for instance, Garigipati R, 
Tetrahedron Letters, 190, 31. 1989. 

Compounds of Formula (I) may also be prepared by a process which comprises 
reacting a compound of Formula (DC), wherein Ti is hydrogra, with an N-acyl 
heteroaryl salt, according to the method disclosed in US patent 4,803,279, TJS patent 
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4,719,218 and US patent 5.002,942, to give an intermediate in which the heteroaryl 
ring is attached to the imidazole nucleus and is present as a 1,4'dLhydro derivative 
thereof, which intermediate may then be subjected to oxidative-deacylation conditions 
(Scheme II). The heteroaryl salu for instance a pyridinium salt, may be either 
5 preformed or, more preferably* prepared in situ by adding a substituted carbonyl halide 
(such as an acyl halide, an aroyl halide, an arylalkyl haloformate ester, or, preferably, 
an alkyl haloformate ester, such as acetyl bromide, benzoylchloride, benzyl 
chloroformate, or, preferably, ethyl chlorof ormate) to a solution of the compound of 
Formula (IX) in the heteroaryl compound RiH or in an inert solvent such as methylene 

10 chloride to which the heteroaryl compound has been added. Suitable deacylating and 
oxidising conditions are described in U.S. Patent Nos. 4,803^79, 4,719,218 and 
5,002,942, which ref^ences are hereby incorporated by reference in their entirety. 
Suitable oxidizing systems include sulfur in an inert solvent or solvent mixture, such as 
decalin, decalin aiid diglyme,/?-cymene, xylene or mesitylene, under reflux conditions, 

15 or, preferably, potassium r-butoxide in /-butanol with dry air of oxygen. 




SCHEME n 

20 

In a farther process, illustrated in Scheme HI below, compounds of Formula (I) 
may be prepared by treating a compound of Formula (X) thermally or with the aid of a 
cyclising agent such as phosphorus oxychloride or phosphorus pentachloride (see 
Engel and Steglich, Liebigs Aim Chem, 1978, 1916 and 3trzybny et al,, J Org Chem, 

25 1963, 28, 3381 ). Compounds of Foraiula (X) may be obtained, for instance, by 

acylating the corresponding a-fceto-amine with an activated formate derivative such as 
the corresponding anhydride, under standard acylating conditions followed by 
formation of the imine with R2J^2- The aminoketone may be derived from the parent 
ketone by oxamination and reduction and the requisite ketone may in turn be prepared 

30 by decarboxylation of the beta-ketoester obtained from the condensation of an aryl 
(heteroaryl) acetic ester with the RiCOX component 
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X 



1. ) NtOUa 

2. ) HO 



NH. 



fonnulaOC) 



10 



In Scheme IV illustrated beIow» two (2) different routes which use ketone 
(foiTOula XT) for preparing a compound of Formula (I), A heterocyclic ketone (XI) is 
prepared by adding the anion of the alkyl heterocycle such as 4-methyl-guinoIine 
(prepared by treatment thereof with an alkyl lithium, such as n-butyl lithium) to an N- 
alkyl-O-aUcoxybenzamidet ester, or any other suitably activated derivative of the same 
oxidation state. Alternatively, the anion may be condensed with a benzaldehyde, to 
give an alcohol which is then oxidised to the ketone (XI). 



(XI) 



R4 



f}2 

Br n 



NH 



R„ 



15 



SCHEME IV 



In a further process, N-substituted compounds of Formula O) may be prepared 
by treating the anion of an amide of Formula (Xn): 

R1CH2NR2COH (XII) 

20 wherein R] and R2 with: 

(a) a nitrile of the Formula (Xm): 

R4CN (XBT) 
wherein R4 is as hereinbefore defined, or - 

(b) an excess of an acyl balide. for instance an acyl chloride, of the Formula 

25 (XIV): 

R4COHal CXIV) 
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wherein R4 is as hereinbefore defined and Hal is halogen, or a corresponding 
anhydride, to give a bis-zcylax&d intermediate which is then treated with a source of 
ammonia, such as ammonium acetate. 



R2HN base «i\^CI „ R2 1 !^ — il ^ "ix^N 

5 (XII) 

SCHEME V 

One variation of this approach is illustrated in Scheme V above. A primary 
10 amine (R2NH2) is treated with a halomethyl heterocycle of Fomiula R1CH2X to give 
the secondary amine which is then converted to the amide by standard techniques. 
Alternatively the amide may be prepared as illustrated in scheme V by alkylatton of the 
formamide with R1CH2X. Deprotonation of this amide with a strong amide base, such 
as lithiiun di-i^^propyl amide or sodium ^tr-(trimethylsilyl)amide, followed by 
15 addition of an excess of an aroyl chloride yields the^i^-acylated compound which is 
then closed to an iniidazole compound of Formula (I), by heating in acetic acid 
containing ammonium acetate. Alternatively* the anion of the amide may be reacted 
with a substituted aryl nitrile to produce the imidazole of Formula 0) direcdy. 

20 Suitable protecting groups for use witii hydroxyl groups and the imidazole 

nitrogen are well known in the art and described in many ref^ences, for instance. 
Protecting Groups in Organic Synthesis, Greene T W, Wiley-Interscience, New York, 
1981, Suitable examples of hydroxyl protecting groups include silyl ethers, such as t- 
butyldimethyl or t-butyldiphenyl, and alkyl ethers, such as methyl connected by an 

25 alkyl chain of variable link, (CRioR20)n- Suitable examples of imidazole nitrogen 
protecting groups include tetrahydropyranyl. 

Pharmaceutically acid addition salts of compounds of Formula (I) may be 
obtained in known manner, for example by treatment thereof with an appropriate 
amount of acid in the presence of a suitable solvent 

30 In the Examples, all temperatures are in degrees Centigrade (°C). Mass spectra 

were performed upon a VG Zab mass spectrometer using fast atom bombardment, 
unless otherwise indicated. ^H-NMR (hereinafter "NMR") spectra were recorded at 
250 MHz using a Bruker AM 250 or Am 400 spectrometer. Multiplicities indicated 
are: s^^inglet, d=doublet, t^triplet, g=quartet, m=multiplet and br indicates a broad 
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signal. Sat indicates a saturated solution, eq indicates the proportion of a molar 
equivalent of reagent relative to the principal leactant 

Flash chromatography is rxm over Merck Silica gel 60 (230 - 400 mesh). 

5 SYNTEJEHC EXAMPLES 

The invention will now be described by reference to the following examples 
which are merely illustrative and are not to be construed as a limitation of the scope of 
the present invention. All temperatures are given in degrees centigrade, all solvents are 
highest available purity and all reactions run under anydrous conditions in an argon 
10 atmosphere unless otherwise indicated. 

1-r3-r4-MQrpholinvnprDpvll-4-r4-fluorophenvn-5-f4-pvridvI)im{dazQte 

a) 4-fluorophen vMnlvlthiomethvlformamide 

15 A solution of p-fluorobenzaldehyde (1 3. L milliliters (hereinafter mL), 122 

millimoles (hereinafter mmol) thiocresol (16.64 grams (hereinafter g), 122 mmol), 
formamide (15.0 mL, 445 mmol), and toluwie (300 mL) were combined and heated to 
toluene reflux with azeotropic removal of H2O for 18 h. Hie cooled reaction was 
diluted with EtOAc (500 mL) and washed with satd aq Na2C03{3 x 100 mL). satd aq 

20 NaQ (100 mL), dried (Na2S04), and concentrated. The residue was triturated with 
. petroleum ether» filtered and dried in vacuo to afford 28.50 g of the tide compound as a 
white solid (85 %). melting point (hereinafter mp) =119- 12(P. 

b) 4-fluorophenvl-tolvlthiomethvIisocvamde 

The compound of example 1(a) (25 g, 91 mmol) in CH2CI2 (300 mL) was 
25 cooled to -30^ and with mechanical stirring POQs (1 1 mL, 1 10 mmol) was added 
dropwise followed by the dropwise addition of EtsN (45 mL, 320 mmol) with the 
temperature maintained below -30^. Stirred at -30^ for 30 min and 5^ for 2 h, diluted 
with CH2CI2 (300 mL) and washed with 5% aq Na2C03 (3 x 100 mL), dried 
(Na2S04) and concentrated to 500 mL. This solution was filtered through a 12 x 16 cm 
30 cylinder of silica in a large sintered glass funnel with CH2CI2 to afford 12^ g (53%) of 
purified isonitrile as a light brown, waxy solid. IR (CH2GI2) 2130 cm'l. 

c) Pvridine-4-ca rbQxaldehvder4-MorDholinvlproi>-3>vlliroine 
Pyridihe-4-carboxaldehyde (2.14 g, 20 mmoL), 4-(3-arainopropyl)morpholine 

(2.88 g, 20 mmol), toluene (50 mL) and MgS04 (2 g) were combined and stirred under 
35 argon for 18 h. The MgS04 was filtered off and the filtrate was concentrated and the 
residue was reconcentrated from CH2C32 to afford 4.52 g (97%) of the title compound 
as a yellow oil containing less than 5% of aldehyde based on NMR. NMR 
(CD3CI): d 8.69 (d, J = 4.5 Hz. 2H). 8.28 (s, IH), 7.58 (d, J = 4.5 Hz. 2H), 3.84 (m, 
6H), 2.44 (m. 6H), 1.91 (m, 2H). 
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d) l-r3*r4-MnrpholinvnproDv l1-4-(4-fluofonhenvlV5-f4-Dvridvnim 

The compound of example 1(b) (1.41 g, 5.5 mmol), and the compound of 
example 1(c) (1.17 g, 5.0 ramol) and CH2CI2 (10 mL) were cooled to 5 1 
triazabicyclo[4.4.0]dec-5-ene, henceforth referred to as TBD, (0.71 g 5.0 ramol) was 
5 added and the reaction was kept at S for 16 h, diluted with EtOAc (80 mL) and 
washed with satd aq Na2C03 (2 x 15 mL). The EtOAc was extracted with 1 N HQ (3 
X 15 rnL), and the acid phases were washed with EtOAc (2 x 25 mL), layered with 
EtOAc (25 mL) and made basic by the addition of solid K2CO3 til pH 8.0 and then 
10% NaOH til pH 10. The phases were separated and the aq was extracted with 
10 additional EtOAc (3 x 25 mL). The extracts were dried (K2CO3) concentrated and the 
residue was crystalized from acetone/hexane to afford 0.94 g (5 1 %) of the title 
compound, mp = 149 - 150 

Example 2 

15 l-r3-Chlorop mpvn-4>r4-flnomnhenvn-5-r4-pvridvlMmidazole' 
a) Pvridine-4-carhoxald&hvde n-Chloropronynmiine 

To 3-chloroprDpylamine HCl (15.1 g, 0.120 moles (hereinafter mol)) and H2O 
(100 mL) was added pyridine-4-carboxaldehyde (9^5 mL, 0.100 mol), then K2CO3 
- (8.28 g, 0.060 mol) then CH2CL2 (100 mL) and the mixture was stirred for 40 min. 
20 The phases were separated aAd the aq phase was extracted with additional CH2CI2 (2 x 
50 mL), dried (Na2S04) and concentrated to afford 17.1 g (94%) NMR (CD3a): 
d 8.69 (d. J = 4.5 Hz. 2H, 832 (s, IH). 8.28 (s. IH). 7.58 (d, J = 4.5 Hz, 2H). 3.71 (m, 
2H), 3.63 (t, J = 6Hz, 2H). 2.24 (t, J = 6Hz, 2H). The presence of 9% of the aldehyde 
was evident by ^H NMR. 
25 b) l-n-ChlorDprQpvlV4-f4-fluorQphenvlV 5.f4-pvridvnimidaTOle 

The compound of example 1(b) (6.85 g, 26.6 ramol), the compound of example 
2(a) (6.32g, 34.6 mmol), CH2CI2 (70 mL), and TBD (4.07 g, 28.4 mmol) were reacted 
by the procedure of example 1(d) to afford 3. 19 g (38%). rap = 139 - 140^ 

30 Example 3 

l-r3^A7:idnpropvn-4-f4-fluorophenvlV5>r4-pvridvn imidazole 

To a solution of the compound of example 2(b) (250 milligrara (hereinafter 
mg), 0.79 mmol) and DMF (5 mL) was added NaN3 (256 rag, 3,95 mmol) and Nal (12 
rag, 0.08 mmol) and the mixture was heated to 90^ till the reaction was completed 

35 based on tic analysis (19: 1 CH2a2/MeOH). The cooled reaction was added to 5% aq 
Na2C03 (20 mL) and extracted with EtOAc (3 x 25 mL). Hie combined extracts were 
washed with H2O (3 x 25 mL) and flash chromatographed (2.2 x 10 cm column) with 0 
- 1% MeOH in CH2CI2 lo afford 254 mg (100%) of the title compound as a white 
solid, mp = 64-650. 
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1-f3-AminQpropvlV4-r4-fluorophenvlV5- r4-pvridvnimidazQ!e 

Hie compound of example 3, described above (254 mg, 0.79 mraol), was 
5 dissolved in THF (2 mL) an added dropwise to a 0° solution of 1 N LiAIILj in THF 
(1,2 mL, L2 ramol), stirred at 0° for 15 min, EtOAc (4 mL) was carefully added and 
the mixture was added to ice cold 10% NaOH (15 mL) and the product was extracted 
with aOAc (4 X 25 mL). dried (K2CO3) and concentrated to a waxy solid. (175 mg, 
75%). mp = 81-820 

10 

Examples 

l-f3-MethvlsulfonamidoDroDvlV4-r4-fluorQphenvlV5-r4 -DvridvI>imidazo!e 

To the compound of Example 4, described above (79 mg, 0.26 mmol) in 
CH2CI2 (0.5 mL) was added EtsN (72 uL. 0.52 raraol). and then methanesulfonyl 
15 chloride (25 uL, 0.31 mmol). The reaction exothenned to CH2a2 reflux briefly. The 
reaction was over within 1 rain based on tic (19 : 1 CH2CI2 /MeOH) and was poured 
into 10% NaOH (5 mL) and extracted with EtOAc (3 x 20 mL). The extracts were 
washed with H2O (10 mL) and satd aq Nacl (10 mL), dried (Na2S04). concentrated 
. and flash chromaiographed (1 x 10 cm silica) with 0-8% MeOH in CH2CI2 to afford 
20 63 rag (65%). mp = 186 - 187©. 

Example 6 

l-r3-rN-PhenvlmethvnaminoprDpvn-4-f4-fluoroDh&nvl V5-r4-pvridvnimidazoIe 

Following the procedure of example 3 above, except using benzylamine as the 
25 nucleophile and purification of the cmde product by trituration with hot hexane, the 
tide compound was prepared as a white soUd (32% yield), mp = 125 - 126^. 

p3^ampte7 

l-r3-fN*Phenvlmethvl-N-methvnaminopropvn-4-r4-flu orophenvn.5-r4- 
30 pvridvDimidazole 

Following the procedure of example 3 except using N-benzylmethylamine as 
the nucleophile and purification of the crude product by trituration with hot hexane, the 
title compound was prepared as a white solid (42% yield), mp = 90 - 91^. 

35 Examples 

l'r3-n>Pvrrolidinvnpropvll*4-f4-fluoroph&nvlVS-f4-DvridvnimidaMl& 

Following the procedure of example 3 except using pyrrolidine as the 
nucleophile and purification of the crude product by trituration with hot hexane, the 
title compound was prepared as a white solid (35% yield), mp = 105 - 107^. 
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Exampre9 

T-<'3-DiethvlaTninnpropvlV4-r4- fluorophenvn-5-r4-pvridvnimidazole 

Following the procedure of example 3 eccept using diethylamine as the 
5 nucleophile and isolation of the product by extraction with diethyl ether, the title 
compound was prepared as a white solid (21 % yield), mp = 94 - 95^. 

Example 10 

1 -r3-f 1 -PiDeridinvnpropvn-4-f4-flaorophenv1 V5-f4-pvridvl^imidaznle 
10 Following the procedure of example 3 except using piperidine as the 

nucleophile and puriHcation of the crude product by trituration with hot hexane, the 
title compound was prepared as a white solid (63% yield), mp - 105 - lOgo. 



15 1 -r3-fMethvlthio^niinnvn^r4-flunronhgnvl V;.f4-nvridvl>imidazo1e 

Following die procedure of example 3 except using sodium thiomethane as the 
nucleophile and omitting the sodium iodide followed by purification of the crude 
produa by trituration with hot hexane. the title compound was prepared as a white 
solid (50% yield), mp = 85 - 86°. 

20 

Example 12 

1 -\2-( 4-MorDholinvl'>ethvn^f4-flnoroDhenvn-5-f4-pvridvnimida7ole 

a) Pvridine.^carboxaldehvde.r2-f4-MoTnholinvl^ethvnimine 
Following the procedure of example 1(c) except using 4-(2- 

25 aminoethyl)morpboline as the amine, the title compound was prepared as a light yellow 
oil (100%) containing less than 10% of aldehyde based on NMR. NMR 
(CD3a): d 8.68 (d, J = 6 Hz. 2H). 8.28 (s. IH). 7.58 (d. J = 6 Hz. 2H), 3.82 (m, 2H), 
3.72 (m, 4H), 2.72 (m. 2H), 2.55 (m. 4H). 

b) l-r2-f4-M(wphnIinvl'>ethvn-4-f4-fluorophenvlV5-f4-pvridvl^itniria7/>1P. 
30 Following the procedure of example 1(d) except using the compound of 

example 20(a) as the imine. afforded the title compound as a white solid (21%).- mp = 
114-1150. 

Example 13 

35 l-r3-f4-Morpholinvnpropvn-4-Q-methvlthiophenvlVS-f4-pvridvlMmidamle 
a) N-r3-methvlthiophenvl-ftolvlthio'>methvnfonnaniide - 
Following the procedure of example 1(a) except using m- 
methylthiobenzaldehyde as the aldehyde, the title compoimd was prepared as a white 
soUd (73%). mp = 103 - 1040. 
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b) ^.methvlthioph&nvl-rtolvlthio^methvlisncvanide 

Following the procedure of example I (b) except using the compound of the 
previous step as the formamide, the title compound was prepared as a light brown oil 
(77%). IR(CH2a2)2120cm-l. 
5 c) 1-r3-f4-MorphQlinvnbroDvn-4-f3-methvlthioDhenvn-5-f4-pvridvnimidazole 
Following the procedure of example 1(d) except using the compound of the 
previous step as the isonitrile, afforded the title compound as a white solid (31 %). mp 
= 105.1060 

10 Example 14 

l-r3-r4-MQrT>holinv1^propvn-4-f3-methvlsumnvlphenvlV5-r4-nvridvntmtd^^^ 

The compound of example 13(c) (200 mg, 0.49 mmol) was dissolved in HOAc 

(4 mL). K2S2O8 (151 mg, 0.56 mmol) dissolved in H2O was added and the solution 

was stirred for 16 h, poured into 10 % aq NaOH (50 mL) (the resulting solution was > 
15 pH 10) and extracted with EtOAc (3 x 25 mL). The extracts were dried (K2CO3), 

concentrated and the residual oil crystalized from acetone/hexane to afford 87 mg 

(42%) of a white solid, mp = 1 17 - 1 180. 

Pxamplfi 15 

20 ^r3-fN-methy^N-benzyl)aminQprQpyI1>4-f3-ffiethy|thiQph^ny|>g-(4- 
pyri<iynimi(ii^7.p]fi 

a) . Pvridine-4-carboxaIdehvde 3-fN>methvl>N-benzvlaminopropvlMmine 

Following the procedure of example 1(c) except using 3(-N-Methyl-N- 
benzyIamino)propylamine as the amine (Ueda,T,; Ishizaki^IC; Chem. Pharm. Bull. 
25 1967, 15, 228 - 237.), the title compound was obtained as a light yellow oil (100%) 
containing less than 10% of aldehyde based on NMR. NMR (CD3CI): d 8.65 
(d, J = 7 Hz, 2H). 8.21 (s. IH), 7.54 (d, J := 4.5 Hz, 2H), 7.52 (m, 5H), 3.69 (t, J = 1 1 
Hz, 2H). 3.48(s, 2H), 2,44 (t, J = 1 1 Hz, 2H), 2. 1 8 (s, 3H), 3 .91 (m, 2H), 

b) l-r3-fN-methvl-N-benzvnaminopropvll*4-f3-methvlthiophenvlV5-r4- 
30 pyri^yiy^TP^tfftZQll^ 

Following the procedure of example 1(d) except using the compound of 
example 13(b) as the isonitrile, and the compound prepared in the previous step as the 
imine afforded the title compound as a white solid (36%). mp = 87 - 88^. 

35 Example 16 

l-r3-fN-methvl-N-benzvl)aminoDropvn-4-f3-methvlsulfinvlDhenvlV5-r4- 
PYridyl)?mii(la2;c>]le 

Following the procedure of example 14 except using the compound of example 
15(b) as the sulfide afforded the title compound as a white solid (97%). mp = 84 - 85**. 
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Example 17 

l-r4-fMethvlthiQ^phenvn-4-f4-flunmphenvn-5-f4-pvridvnimida7.nle 

a) Pvridine^carhnxaldehdvef4-niethvlthioDhenvnitnine 

5 Following the procedure of example 1(c) except using 4-(methyIthio)aniline as 

the amine afforded (100%) of a light yellow oil with no detectable amount of aldehyde 
based on NMR. NMR (CD3CI): d 8.75 (d, J = 6 Hz, 2H), 8.47 (s, IH). 7.74 (d, 
J = 6 Hz, 2H). 7.30 (d. J = 8 Hz, 2H), 7.22 (d, J = 8 Hz, 2H), 2.52(s, 3H). 

b) l-r4-fMethvlthiotphenvn-4-r4-fluQrophenvn-5-r4-pvridvniTnida20lft 

10 Following the procedure of example 1(d) except using the compound of the .pre- 

vious step as the imine afforded the title compound as a vMte solid (27%). mp - 172- 
1730. 

Examnle IR 

15 l-r4-fMethvlsalfinvl^nhenvn-4-f4-fluoroohenvn-5-f4-nvridv1Mmtda7nlft 

Following the procedure of example 14 accept using the compound of example 
17(b) as the sulfide afforded the title componnd as a white solid (67%). mp = 202 - 
2030. 

20 Example 19 

l-r3-fMethvlthlo>phenvn.4-f4-flunrophenvlVS.r4-pvridvlMmidamle 

a) Pvridine-4-carhoxaidehdvef3-methvlthiophenvnimme 

Following the procedure of example 1(c) except using 3-(methylthio)aniline as 
the amine afforded (98%) of a light yellow oil with ca 2JS% of aldehyde based on ^H 
25 NMR. 1h NMR (CDsQ): d 8.76 (d, J = 6 Hz, 2H). 8.44 (s, IH). 7.74 (d, J = 6 Hz, 
2H), 7.30 (d, J = 8 Hz, 2H), 734 - 6.98 (m. 4H), 2.52(s, 3H). 

b) 1 -r3-fmethvlthio'>phenvn.4-f4-fluorophenvI>-S-r4-pvridvnimidazQle " 
Following the procedure of example 1(d) except using the compound of the pre- 
vious step as the imine afforded the title componnd as a white solid (42%). mp = 155- 

30 1560. 

Example 20 

1-r^-rMethvlsiiirinvnphenvn-4-f4-fliinmphftnvn-5-<'4-pvridvlMmida7nlR 

Following the procedure of example 14 except using the compound of example 
35 19(b) as the sulfide afforded the title compound as a white solid (67%). mps233- 
2340. 



Example 21 

l-r2-fMethvlthio'>phenvn-4-r4-fluorophenvn-S-r4^pvridvlMmidazole 
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a) Pvridine-4-carboxaldghdve f2-methvlthiQph&nvnimfnft 

Following the procedure of example 1(c) except using 2-(niethylthio)aniline as 
tiie amine afforded (98%) of a light yellow oil with ca 8% of aldehyde based on 
NMR. 1h NMR (CDsCl): d 8.75 (d. J = 6 Hz, 2H), 8.41 (s, IH), 7.79 (d, J = 6 Hz. 
5 2H). 7.36 - 7.00 (m, 4H), 2.47(s. 3H). 

b) J-r2-fmethvlthio^henvn-4>f4-fluoroDh&nvlVS-r4-p vridvnimida2Ql& 
FoUowing the procedure of example 1(d) except using the compound of the 

previous step as the imine and purification by flash chromatography with 0-1% 
MeOH in CH2CI2 afforded the title compound as a non-crystalline white foam (53%). 
10 mp = 59-60O 



Example 22 

l-r2-rMsthvIsulfinvnphenvl1-4-r4-fluorophenvlV5-r^pvrif1vntmfff^y^^ 
15 Following the procedure of example 14 except using the compound of example 

21(b) as the sulfide, and purification by flash chromatography with 0-4% MeOH in 
CH2CI2 afforded the title compound as a non-ciystaUine white foam (52%). mp = 60 - 
165^. CThe ill defined mp is probably the restilt of a mixture of conformational isomers 
which is clearly indicated in the and ^^C NMR spectra of this compound.) 

20 

Example 23 

l-f3-CMoropropvlV4-f4-fluorophenvn-5>f4-pvridvnimidazole 

(See also Example 2 above for alternative method of preparation) 

a) 4 "Fluorophenvl-tosvlmethvlformamide 

25 To a solution of toluene sulphinic acid sodium salt hydrate (120g) in water (750 

ml) was added concratrated sulphuric acid (16ml). Dichloromettiane (500ml) was 
added and the organic and aqueous layers were separated; the aqueous layers being 
extracted with dichloromethane (2x2(X)ml). The combined organic extracts were dried 
(Na2S04) and evaporated to dryness to yield the solid sulphinic acid (71.79g, 0.46 

30 mole). This was added to p-fiuorobenzaldehyde (57.04g, 0.46 mole) and formamide 
(62.1g, 1.38 mole) and the resulting mixture was stirred with camphor- 10-suIphonic 
acid {21.3g. 0.092 mole) at 60-65^ under nitrogen for 22 hours. A solution of sodium 
bicarbonate (33.6g, 0.40 mole) in water (400ml) was added to the ice-cooled solid 
product which was broken up and stirred for 30 minutes. The crude product was 

35 collected and washed with acetone (220ml) and then ether (3x220ral) and dried to yield 
the desired product, 91.5g, 64.8%. 

b) 4-Fluorophenvl-tQ5;vlmethvli?socvanide 

To a suspension of the compound of the previous step (3.22g, 10.5 mmole) in 
dimethoxyethane (21ml) stirring at -10^ was added phosphorus oxychloride (2.36ml, 
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25.3 ramole) dropwise over 5 minutes. Triethylamine C7.35ml, 523 mmole) was then 
added dropwise over 10 minutes and the reaction mixture was poured into saturated 
sodium bicarbonate solution (100ml) and the oily product was extracted into 
dichloromethane (2x30ml), The organic extracts were evaporated to yield a black oil 
(S^lg) which was eluted from Grade III basic alumina (60g) using dichloromethane. 
The combined product fractions were evaporated and ether added to crystallize the 
desired product, 1.735g, 57%. 

C) l>f3>ChloronropvIV4-r4>fluorophenv n-5-(4-pvridvIVimidazo!e 

To a solution of the compound of the previous step (1.183g, 4.09mmol) and the 
compound of example 2(a) (1.122g, 6.15mmole) in dimethoxyethane (15ml) at ambient 
temperature was added dropwise over 10 minutes a solution of DBU (0.67ml. 
4.51mmole) in dimethoxyethane (10ml). Tlie reaction mixture was stirred at ambient 
temperature for l-l/2hours and thon evaporated to leave an oil which was eluted from 
Grade m basic alumina (l{X)g) to yield the desired product. 1.096g. 85%. 

Example 24 

l,r4-f4-Morpholinvnbutvl1-4-f4-fluo mphenvlV5-r4-TivridvlMmidaTOlft 

a) 4-f4-Morpholino>butvM.pthalimide 
4-BromobutyH-pthalimide (5.0 g, 17.7 mmol) and moipholine (20 mL) were 

combined and stirred for 3 h, diluted with E12O (200 mL). and filtered. The solid was 
washed with more Et20 and the combined filtrates were extracted with 3 N HQ (3 x 
25 mL). The combined add phases were washed with Et20 (3 x 50 mL), layered with 
EtOAc and made basic by the addition of solid K2CO3 til the foaming stopped and then 
10% aq NaOH was added til the pH was > 10. Extraction with EtOAc (3 x 100 mL), 
drying. (K2CO3). concentration and flash filtration 1 L silica wash first with 0-4% 
MeOH in CH2CI2 and then elute product with 4% MeOH and 1% EtjN in CH2CI2 to 
afford 5.52 g (54%) of the title compound as a white solid. 

b) 4-(4-MoTPholino^butvlamtne 

The compound of example 24 (a) (I.O g, 3.47 mraol), hydrazine monohydrate 
(190 ^il. 3.82 nmiol) and CH3OH (20 mL) were combined and stirred at 23° overnight 
The CH3OH was removed in vacuo and the resudue was concentrated to dryness from 
EtOH. The residue was combined with 2N HQ (20 niL) and stirred for 2h, filtered and 
the solid was washed with H2O. The combined filtrates were concentrated in vacuo 
and reconcentrated from EtOH twice to give a white foam which was dissolved in 3: 1 
CH2CI2/CH3OH. and stirred with solid K2CO3 for 5 min and filtered. The filtrate was 
concentrated to afford 0.535 g (80%) of a brown oil. NMR (CD3CI): 3.7 - 3.2 (m. 
6H). 2.7 - 2.2 (m, 6). L6 - 1.3 (m, 6H). 

c) Pvridine-4-carboxaldehvder4-r4-mQrpholinvnbutvllimine 
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Following the procedure of example 1(c) except using the compound of example 
24(b) as the amine the tide compound was prepared as a light yellow oil (100%) con- 
taining 30% of aldehyde based on NMR. NMR .(CD3CI): 8.60 (d, J = 6 Hz, 2H). 
8.19 (s, IH), 7.51 (d, J = 6 Hz, 2H), 3.7 • 3.2 (m. 6H), 2.5 - 2.2 (m, 6). 1.7 - 1.4 (m, 4H). 
5 d) 1>r4-(4-MorphQlinvnbutvlV 4-r4>fluorophenvn-5-f4-pvridvnimidazole 

Following the procedure of example 1(d) except using the compound of 
example 24(c) as the imine afforded the title compound (38%). mp = 103 - 1040 

gxaippl^ JL^ 

10 1-Cvclopropvl-4/4-flnorQphenvn-5-r4-pvridvnimidazoIe 

a) Pvridine-4-carboxaldehvdecvclopropvlimine 

Following the procedure of example 1(c) except using a 100% excess of the 
volatile cyclopropylaraine the title compound was prepared as a light yellow oil 
(100%), 1h NMR (CD3CI): 8.65 (d, J = 6 Hz. 2H), 8.40 (s. IH), 7.51 (d, J = 6 Hz, 
15 2H). 3.07 (m, IH), 1 .01 (m, 4H) 

b) l-CvclopropvI-4-f4-fluo rophenvn*5-f4-pvridvnimidazole 

The compound of the previous step (20 mmol), the compound of example 1(b) 
(5.65g, 22 mmol), and CH2CI2 (20 mL) were cooled to 0° and TBD (2.84g, 20 mmol) 
. was added. Stirred at 5^ for 2h, 23^ for 48h and refluxed for 4 h. The crude reaction 
20 was flash filtered through a sintered glass funnel filled with silica (1 L of silica) eluttng 
with 0-4% CH3OH in CH2CI2. Crystals from hexane/acetone to afford 839 mg (15%) 
mp- 129.0- 129.50. 

25 l-Isopropvl-4-r4-fluoroph&nvIV5-f4-pvridvl)imidazoIe 

a) Pvridin&>4-carhoxaldehvde isopropvlimine 

Following the procedure of example 1(c) except using isopropylamine as the 
amine the title compound was prepared as a light yellow oil (l(X)7o). ^H NMR 
(CDsQ): 8.67 (d. J = 4.4 Hz. 2H), 8.27 (s, IH), 7.59 (d, J = 4.43 Hz, 2H), 339 (m, 
30 IH), 1 .27 (d, J = 6.3 Hz, 6H). 

b) l.Y5!nprQpvl-4-f4-fluorophenvlV5-f4-TTvridv1^imidazo1ft 

Following the procedure of example 1(d) and substituting the imine of the 
previous step the compound was prepared using a modified woik up of flash filtration 
of the crude reaction through silica (0 - 4% CH3OH in CH2C12)- Two crystallizations 
35 from hexane /acetone afforded the title compound as tan needles (30 %). mp = 179.0 - 
179.5. 



E^Mipte 27 

l-CvclopropvlmRthvl-4^(4-flunrnnhenvlV5-r4-nvridvnimidaznle 
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a) Pvridine-4-carboxaldehvde CvclopmpvlTnethvlimine 

Following the procedure of example 1(c) except using cyclopropylraethylamine 
as the amine the title compound was prepared as a light yellow oil (100%). NMR 
(CDsQ): 8.69 (d, J = 4.5 Hz, 2H), 8.27 (s, IH), 7.61 (d, J = 4.5 Hz, 2H). 3,55 (d, J = 
5 6.7 Hz, 2H), 1.15 (m.lH), 0.57 (m, 2H), 0.27 (m. 2H), 

b) l-Cycloprop vlmethvl-4-r4-fluorophenvlV5>f4-pvridvlMmtdazole 
Following the procedure of example 1(d) substituting the imine of the previous 

step the compound was prepared using a modified work up of flash filtration of the 
crude reaction through silica (0 - 4% CH3OH in CH2CI2)- Crystallization from hexane 
10 /acetone a£Fonled the title compound as white flakes (62 %). mp = 162.0 - 162.5. . 

Example 28 

l-tert-Butvl-4-f4>fluorophenvn-5>f4>pvridvlMmidazole 

a) Pvridin&-4-carboxaldehvde tert-butvlimine 

15 Following the procedure of example 1(c) except using tert-butylamine as the 

amine the title compound was prepared as a light yellow oil (100%). ^HNMR 
(CD3CI): 8.67 (d, J = 4.4 Hz, 2H), 8.22 (s, IH), 7.61 (d, J = 4.4 Hz, 2H), 1.30 (s, 9H). 

b) l-tert.Butvl-4-f4-fluorophenvlV5-r4-pvridvnimidazole 

Following the procedure of example 1(d) substituting the imine of the previous 
20 step the compound was prepared using a modified work up of flash filtration of the 
crude reaction through silica (0 - 4% CH3OH in CH2CI2) to afford the tide compound 
as tan powder (16 %). mp = 199.0 - 200.0. 

25 l-f2.2>Diethoxvethvn-4-f4-fluoroDhenvlV5-f4>DvridvnimidazQle 

a) Pyridine-4-carboxaldehv de 2.2-diethoxvethvlimine 

Following the procedure of example 1(c) except using 2,2-diethoxyethylamine 
as the amine the title compound was prepared as a light yellow oil (100%). ^H NMR 
(03)30): 8.69 (d, J = 4.4 Hz, 2ED, 8.28 (s, IH). 7.60 (d, J = 4.4 Hz, 2H). 4.82 (t, J = 
30 5.1 Hz, IHO. 3.82 (d, J = 5.1 Hz, IH), 3,72 (m, 2H), 3.57 (m, 2H), 1.21 (t, J = 7.3 Hz, 
6H). 

b) 1-f2;2-DiethO Tvethv1V4-f4-fluDroDhenvlV5-f4-pvTidvlMmidazole 
Following the procedure of example 1(d) substituting the imine of the previous 

step, the compoimd was prepared using a modified work up of flash filtration of the 
35 crude reaction through silica (0 - 4% CH3OH in CH2CI2), followed by a flash 

chromatography through silica with 25 - 100% EtOAc in hexane) and trituration of the 
resulting gum with hexane afforded the title compound as a white powder (47 %), mp 
= 69.5 - 70.0. 
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Example 30 

l>FornivlTnethv1-4-(4-fluorophenvlVS-r4-pvridvnimidazole 

The product of example 29(b) (400 mg, L13 ramol). H2O (10 mL), acetone (10 
mL) and coned H2SO4 (1 mL) were combined and refluxed for 24 Yl Most of the 
5 acetone was removed in vacuo and the residue was combined with 5% aq Na2C03 and 
extracted with EtOAc, dried (Na2Sd4), concentrated and crystallyzed from acetone to 
afford the title compound as a white powder (47 %). mp = 118.5 * 1 19.0. 

pxan^pte3H 

10 1-HvdrQxviminvImethvI-4-f4-fluoroph envl>-5-f4-pvridvnimidazole 

The product of example 30 (317 mg, 1.13 mmol), hydroxylamine hydrochloride 
(317 mg), pyridine (317 pL), and EtOH (3.8 mL) were combined and refluxed for 3h, 
poured into 5% aq Na2C03. and extracted with EtOAc, dried (Na2S04) and flash 
filtered in 0 - 4% MeOH in CH2CI2 to afford 261 mg (78%) of the tide compound as a 

15 v/bixe powder, rap = 184.0 - 185.0. 

1-Cvanomethvl-4-r4-fIuorophenvn-5-r4-pvridvniniidazole 

The product of example 31 (250 mg, 0.84 mmol), and CUSO4 were combined 
20 and refluxed for 2h. The cooled reaction was flash filtered in 0 - 4% MeOH in CH2CI2 
to afford 129 mg (55%) of tfie title compound as a white powder, mp = 132.0 * 133.0. 

PTCfiipplp 33 

l-r3-f4-MomholinvnDronvIV4-f4-fluoroDhenvlV5-f2-methvlDvrid-4>vlMniidazole 

25 a) 4-FQnnyl-2-mgtf)ylpyridine 

4-Cyano-2-methyIpyridine was prepared from 2,6-lutidine asccording to the 
literature procedure (Yamanaka*R; AbeJI.; Sakamoto,T.; Hidetoshi, Hiranuraa,H.; 
Kamata^ Chem. Pharm. Bull. 25(7), 1821 - 1826.). A solution of 4-Cyano-2- 
methylpyridine (0.367 g, 3.11 mmoL) and toluene (3.5 mL) was cooled to -78^ and 1 

30 M DIBAL in hexanes (3.6 mL, 3.6 mmoL) was added dropwise via syringe pump (T < 
-65^1). The reaction was warmed to 5^ and stirred for 5 min, recooled to *78^ and 
CH3OH (3.5 mL) was added (T < -40°), wanned to 5^ and stirred for 5 min and then 
25% aq Rochelle's salt was added, stilted for 3 min and then acidified to < pH 1.0 with 
10% aq H2SO4. The aqueous was made basic by the addition of solid K2CO3 and 

35 extracted with EtOAc. The extracts were dried (Na2S04) concentrated and filtered 
through silica (2% MeOH in CH2CI2) to afford 253 mg (84%) of aldehyde. NMR 
(CD3a): d 10.05 (s. IH), 8.74 (d, J = IHz, 1 H), 7.51 (s. IH), 7.30 (d, J = 7Hz, IH), 
2.68 (s, 3H). 

b) Pvridine-4-carboxaldehvde r3-r4-mQrphQlinvnproDvllimine 
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The product of the pievious step and 4^(3-aminopropyI)morpholine were 
reacted by Uie procedure of example 1(c) to afford the title compound as a yellow oil 
containing no aldehyde based on NMR. NMR (CD3CI): d 8.57 (d, J = 5.0 Hz, 
IH). 8.25 (s, IH), 7.46 (s. IH); 7.36 (d. J = 5.0 Hz, IH), 3.71 (m, 6H), 2.60 (s, IH); 
5 2.35 (m. 6H), 1 .90 (m, 2H). 

c) l-r3-f4-MorDholinvnproDvn-4-(4-nuorophenvlV5.(2-m&thv1pvri^^ 
vDimidazole 

The compound of the previous step, and the compound of example 1(b) were 
reacted by the procedure of example 1(d) to afford the title compound as a white solid 
10 [51% from 33 (a)], mp = 116- 117<^ 

pT^ffl^plg 34 

4-f4-FluorophenvlVl -r3>f4-morphoKnvnpropvn-5-f2-chlorQpvridtn-4.v] > imidazole 

a) 2-Chloropvridine-4-carboxaldehvd& r3*f4-mnrp hoIinvnpropvllimina 

15 2-Chloropyridine-4-carboxaIdehyde was prepared as d^cribed in the patent 

literature (WPI Acc. No. 88-258820/37) whose disclosure is incorporated by reference 
in its entirety herein. This aldehyde was reacted with 4-0-aminopropyl)morpholine by 
the procedure of example 1(c) to afford the title compound as a yellow oiL^H NMR 
(CD3CI): 8 8.45 (d, J = 5.1 Hz, IH), 8.24 (s, IH), 7,63 (s, IH); 7,51 (d, J = 5.1 Hz, IH). 

20 3.72 (m, 6H). 2.44 (m, 6H), 1.91 (m, 2H). 

b) 4-f4-F1uoroph&nvIVl-r3-f4-mon)hQlinvnprQpvn-5-n-chloro-4-pv^ 
imidazole 

Following the procedure of example 1(d) except using the compound of the pre- 
vious step as the imine afforded the title compound as a white solid (93%). mp = 97.0- 
25 97.50. 

Example 35' 

4-f4-Fluorophenvl V 1 -r3-(4-morphoIinvnpropvn-5-r2-aminn-4.pvridi'n vH imidaznift 

a) 4-f4-FluorophenvlVl-r3-(4-morphoUnvnpropvlV5-f2-hvdrazinv1-4.pvridinvn 
30 imidazole 

The compound of example 34(b) (872 mg, 2.18 mmoL) and 98% hydrazine 
hydrate (9 mL) was heated to 1 15^ (bath temp) for 20 h, cooled to 23^ combined with 
H2O (20 mL) and extracted with EtOAc (3 x 25 mL). The combined extracts wete 
washed with H2O (2 x 20 mL) and dried (Na2S04). Flash chromatography with 0-8% 
35 CH3OH in CH2CI2 afforded 547 mg (63%) the title compound as a white solid. 

b) 4-f4-FlunroDhenvlVl-r3>f4-morpholinvnpropvn-5-f2-amino-4>Dvridinvn 
imf^lflTIOlfi 

The compoimd of the previous step (100 mg, 0.25 mmoL), absolute EtOH (15 
mL) and Raney Ni (0.4 mL) were shaken under H2 (45 psi) for 4 h. Flash 
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chromatography with 0-8% CH3OH in 01202 afforded 34 mg (37%) the tiUe 
compound as a white solid, mp = 186 - 187o. 

Example 36 

5 l>f4-Carboxvmftthv]^prQpvl-4-f4-fluoro phenvn-S-f4-pvridvlMmidazol^ 

a) Pvridin&-4-cflrboxaldehvder4-carfaox vmethvlbutvlMmine 
Pyridine-4-carboxalddiyde was reacted with methyl-4-aniinobutyrate by the 

procedure of example 1(c) to afford the title compound as a yellow oil. NMR 
(CD3a): 5 8.69 (d. J = 5.8 Hz. 2H). 8.27 (s. IH); 736 (d, J = 5.8 Hz. 2H), 3.70.(m. 

10 2H); 2.31 (t. J = 8.0 Hz, 2H). 2.08. (m. 2H). , 

b) l-f4-Carboxvmethvl^propvl-4-r4-flno mphenvlV5-f4-pvridvnimidazole 

Following the procedure of example 1(d) except using the compound of the 
previotis step as the imine afforded the title compound as a white solid (35%). mp = 
69.0 - 70.00. 

15 

Example 37 

l-f4-CarboxvDropvl V4-f4-fluorophenvlV5-r4>T>vridvnimidazole 

The compound of example 36 (100 mg. 0.29 mmol), CH3OH (3 inL). and THF 
(1.5 mL) were combined and the resulting soln was treated with a soln of LiOH (62 
20 mg, 1.5 mmol) in H2O (13 mL) and the resulting soln was stirred for 4 h. Removal of 
the volatile compounents in vacuo^ redisolving in H2O and chromatography through 
HP-20 with H2O til the eluates were neutral and then with 25% aq MeOH afforded the 
tide compound as the lithium salt; 65mg (68%). ES (+) MS m/e = 326 (MH+). 

25 RTample 3R 

l-f3-Carboxvmethvl'>ethvl-4-^4-fliiorophen v1VS-f4-pvridvl'>imidazole 

a) Pvridine-4-carhOTaldehvd e n-caThoxvmethvnethvI imine 
Pyridine-4-caiboxaldehyde was reacted with ^-alanine methyl ester by the 

procedure of example 1(c) to afford the title compoimd as a yellow oiL NMR 
30 (CD3a): 6 8.68 (d. J =4.5 Hz, 2H), 8.33 (s, IH); 737 (d, J = 4.5 Hz, 2H), 3.93 (t. J = 
6.7 Hz. 2H); 3.68 (s, 3H), 2.76 (t. J = 6.7 Hz, 2H), 

b) 1 .n.raAnxv mp.tfivlWhvl-4-f4-fliinroDhenvn.5.f4-pvridvnimida2ole SB- 

Following the procedure of example 1(d) except using the compound of the 
35 previous step as tiie imine afforded the title compound as a white solid (40% from the 
amine), mp = 1 19.0 - 120.0O. 



Example 39 

i.n.rarhnxv'>athv1-4-f4-f luomphenvIV5.f4-pvridvlMmidazole 
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Hie compound of example 38(b) was nydrolysed by the procedure of example 
37 to afford the title compound as the lithium salt; (71%). ES (+) MS m/e = 312 
(MH+). 

5 E?;amp?Q4Q 

l-fl-B&nzvlpiperidtn-4-vn-4-f4-fluo'roDhenvlV5-r4.pvridvn imidazole 
a) Pyridine-4>caiboxaldehvde H -benzvlpiperidin-4-vnimine 

Pyridine-4-carboxaldehyde was reacted with 4-amino-N-benzylpiperidine by 
the procedure of example 1(c) to afford the title compound as a yellow oil. 
10 b) 1-n-Ben7:vlpip&ridin-4-vlV4-f4-fluorophenvlV5-f4-Dvridvn imida^^nle 

Following the procedure of example 1(d) except using the compound of 
example the previous step as the imine afforded the title compound as a white solid 
(9% from the amine). ES (+) MS m/e = 413 (MH+), 

IS Example 41 . 

5-f2-Aminopvrimidin-4-vlV4-(4-fluoroph&nvlV1-r3-r4-MQrphoHnvnpropvn 
imidazole 

a) 2-Aminopvrimidine-4-carbQxaldehvde dimethyl acetal 
Dimethylformamide dimethyl acetal (55 mL, 0.41 mol), and pyruvic 

20 aldehyde dimethyl acetal (50 mL, 0.41 mol) were combined and heated to 100^ 
for 1 8 h. Methanol was removed in vacuo to afford an oil. 

A solution of NaOH (1 8 g, 0.45 mol) in R2O (50 mL) was added to 
guanidine HQ (43 g, 0.45 mol) in H2O (100 mL), and the resulting solution was 
added to the above described oil. The resulting mixture was stirred at 23^ for 48 

25 h. Filu^tion afforded 25g (50%) of the title compound. 

b) 2-Aminopvrimidine^4>carboxaldehvde 

The cpmpund of the previous step (1.69 g, 10 mmol) and 3N HCl (7.3 
mL, 22 mmol) were combined and heated to 48^ for 14h, cooled, layered with 
EtOAc (50 mL) and neutralized by the addition of NaHCC>3 (2.1g» 25 mmol) in 
30 small portions. The aq phase was extracted with EtOAc (5 x 50 mL) and the 

extracts were dried (Na2S04)and concentrated to afford 0.793 g (64%) of the tide 
compound. 

c) 2-AmihQpvTimidine-4-carboxa]dehvde r3-f4-Morpholinvnpropvnimine 
The compound of the previous step and 4-(3-aminopropyl)morpholine 

35 were reacted by the procedure of example 1 (c) to afford the title compound as a 
yellow oil. 

d) 5-r2-Aminopvrimidin-4-vn-4-r4-fluQroDhenvn-l-r3-(4- 

MoipholinyDpropyn imid^Q}^ SP ?1«85 
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Following the procedure of example 1(d) except using the compound of 
the previous step as the imine afforded the title compound as a white solid. 
NMR (CD3a) 5 8.15(d, J = 5.4 Hz, IH), 7.62(s.lH), 7.46 (dd, 2H), 7.00(t, J = 
8.6Hz, 2H), 6,50(d, J = 5,4 Hz, IH), 5.09(brd.s. 2H), 4.34(t, J = 7.0 Hz, 2H). 
5 3.69(m, 4H), 2.35(bni.s,4H), 2.24(t, J = 4.6 Hz. 2H), 1.84(m» 2H), 

p;tamp)[fi42 

5-f2-Aminopvrimidin>4*vlV4-r4-fluoroph&nvn-l-ri>ben zvlpiperidin*4-vIMmida^^^ 

a) 2- Amin6Dvrimidine-4-carboxaldeh vde (1 >benzvlpip&ridin-4- vnimine 

10 2-Aminopyrimidine-4-caifooxaId&hyde and 4-aminobenzyIpip^dine were 

reacted by the procedure of example 1(c) to afford the title compound as a yellow oiL 

b) 5-f2-Aminopvrimidin-4-vlV4-r4-fluorophenvlVl-fl>benzvlr>iperidm^^ 
vIMmidazoIe 

Following the procedure of example 1(d) except using the compound of the 
15 previous step as the imine afforded the title compound as a white solid (31% from the 
amine), rap = 227 - 229° (dec). 

gx^pte 43 

5-f2-Aminopvrimidin-4-vIV4-r4*fluorophenvlVl-f2>propvnimidazQle 
20 a) 2-Amtnopvrimidine-4-carboxaldghvdef2-propvntmine 

2* Aminopyiimidine-4-carboxaldehyde and 2-propyI amine w^ reacted by the 
procedure of example 1(c) to afford the title compound as a yellow oiL 
b) 5-f2-Am{nopvrimid{n-4-vl>-4-f4-fluorophenvl>-l-f2-propvnimidazole 

Following the procedure of example 1(d) except using the compound of the 
25 previous step as the imine afforded the title compound as a white solid (32% from the 
2-arainopyiimidine aldehyde), mp = 201 - 202«>. 

Example 44 

5*f2-Aminopvrimidin*4-vl>-4»f4-fluorophenvn-l-fcvclopropvlme thvniTnida7o1^ 
30 a) 2-Aminopvrimidine-4-carboxaldehvdercvclopr opvlmethvIMmine 

2- Aminopyrimidine-4-carboxaldehyde and 2-cycIopropylmethyl amine were 
reacted by the procedure of example 1 (c) to afford the title compound as a yellow oil. 
b) 5-f2-AminopvTimtdin^vlV4-f4-fluQrophenvlV1- (cvclQPropvl- 
methvnimtdazble 

35 Following the procedure of example 1 (d) except tising the compound of the 

previous step as the imine afforded the title compound as a white solid (38% from the 
2-aminopyrimidine aldehyde), mp = 187 - 188°. 
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Eyflmple4S 

S-f2-Aminnpvrimidin-4-vlV4-r4-nuoroph&nvlVl-fl>carboxvethvl-4- 

a) 2- Aminopvrimidine-4-carboxald&hvde f 1 ■carboxvethvl*4-DiD&ridinvniTnme 

5 2-Aininopyrimidine-4-carboxaldehyde and l-carboxyethyl-4-aminopiperidine 

were reacted by the procedure of example 1(c) to afford the title compound as a yellow 

oa. 

b) 5'(2'AsnmQpynmi^m-^yl)'4'<4'n^ 

piperidinvnimidazole 

10 Following the procedure of example 1 (d) except using the compound of the . 

previous step as the imine afforded the tiiile compound as a white solid (26% from the 
2-aminopyrimidine aldehyde), mp = 216 - 218** (dec). ^ 

pxamp]lQ4$ 

IS 5-r2.Amtnopvrimidin-4-vn-4-r4-nDorQnhenvn-1-f4-Dip&ridinvn imidazole 

a) 2- Aniinnpvrimldtne-4-carboxald&hvde f 1 -t-butoxvcarbonvM- 
aminopiperidinvlMmine 

2-Aminopyrimidine-4-catboxaldehyde prepared in Example 41 and 1-t- 
butoxycarbonyI-4-aminopiperidine (Mach R. H., eLaL, J. Med. Chem. 36, p3707- 
20 3719, 1993) were reacted by the procedure of example 1(c) to afford the title 
compound as a yellow oiL 

b) . 5-r4-f2-Amtno)pvrimidinvn-4-f4-fluQrophenvlVl>fl>t- 
butoxvcarbonvltiiperidin^vn imidazole 

Fbllowing the procedure of example 1(d) except using the compound of 
25 the previous step as the imine afforded the tide compound as a white solid (27% 
from the 2-aminopyiimidine aldehyde). 

c) 5-r4-f2.Amino^pvrimidinvn-4-f4-fIuQrontienvlV1-r4-pip&ridinvn 
imidazole SB-22QQ25 

The compound of the previous step was combined with 4N HQ in 
30 dioxane (S mL), stirred 10 miiu diluted wilth EtOAc and the liquid phase was 
decanted. The solid was twice washed with EtiO (25 roL) and the liquid phase 
was decanted. Further trituration with EtOH (abs) and then EtiO and drying in 
vacuo at 50^ for 16 h afforded the title compound as the trihydrochloride (41 %). 
rap = 265 - 275 (dec) 

35 

P7;miplfi47 
l-MPtbyl-4-phg^y^5^f4^pyridyn^nidaTOte 

Following the procedure of example 48(b) except using benzonitrile the title 
compound as a white solid, mp = 1 61-162^. 
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l-Methvl-4-r3-rchlomphenvni.544-nvridinvTlTmida7.nlR 

a) N-f4-Pyri(jiny)]rDfitliyll)-N'm?ftYlfonnW]idg 

To a stirring, aigon-purged solution of 4-picoIyl chloride-HCl ( 15g, 91.4 
5 mraol) and N-methylformamide (53.4 ml, 9 14 mmol) in 300 ml of THF at room 

temperature was added portionwise over a 20 minute period a suspension of 80% NaH 
(5.48gt 183mmol). The reaction was quenched 18h later by the addition of ice, 
partitioned betweoi methylene chloride and water, washed with water and brine, dried 
over MgS04, and evaporated to dryness to afford a dark oil. Flash chromatography on 
10 silica gel provided 10.5g (76%) of the titled compounds a pale yellow oil. TLC; silica 
gel (9:1 CHCl/ MeOH) Rf = 034. 

b) l-Methv1>4-r3^(chlorQDhenvm-5-r4-pvridtnvnimidazo1e 

To a stirred, argon-covered, -78° solution of lithiimi diisopropylamide 
15 (hereinafter LDA), (prepared from 1 1.2 ml of dii^opropylamin^ in 150 ml of 
teirahydrofiiran (hereinafter THF) by the addition of 31.9 ml of 2.5M n-BuLi in 
hexanes) was added dropwise the product of the previous reaction (lOg, 663 mmol) in 
100 mL of THF. Stirring of the resultant reddish-brown solution was continued at -78^ 
for 40 min at which point 3-chlorobenzonitrile (18 Jg, 133 mmol) in 100 mL THF was 
20 added dropwise over 20 min.' The reaction was allowed to warm to room tmiperature, 
stirred for Ih and heated to reflux for 12 h. The reaction was cooled and worked up in 
a marmer similar to the previous reaction. Flash chromatography on silica gel provided 
2.15g of an oil which was crystallized by dissolution with heating in 10 mL of ethyl 
acetate. Following crystallization, the solid was collected, washed, and dried (0.4 mm 
25 Hg) to afford 1.43g (8%) of the titled compound as a light tan sohd. mp = 1 19-1210. 

Example 49' 

l-Methv1-4-n-methv!thiophenvlV5-r4-pvridvlMmidaznlft 

Following the procedure of example 48(b) except using the compound of 
30 example 13(b) as the aryl nitrile the title compound was obtained as a white solid. ES 
(+)MSm/e = 281(MH+) 

l-Methvl-4-r3-methvlsulfinvlphenvIV5-f4-pvridvnimidazQle 
, Following the procedure of example 14 except using the compound of example 

35 49 as the sulfide the title compound was obtained as a white solid. ES (+) MS m/e = 
297 (MH+) 

pxaifitplfi ^} 

r4-/-V4-f4-FluoroDhenvl>-l-r3-rmethvlsulfinvnDropvn-5-r4-pv ridinvl)imidazole 
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Following the procedure of example 14 except using the compouna rrom 
example 11 as the sulfide and quenching with saturated aq NH4OH afforded the tide 
compound as a white solid (0.87 g. 80%). mp = 122 - 123^. 

5 gxwiple 52 

4.f4-FlUQr0DhenvlVl-rr3-methvlsulfonvnnropvl1-5>r4.pvridmvlMmid^^^ 

The compound of Example 51 (0.5087 g, 1.48 mmol) was dissolved in 
methanol (8 ml) and cooled to O^C The addition of trifluoroacetic acid (0.12 ml) was 
followed by the dropwise addition of meta-chloroperoxybenzoic acid (0^3 g. 2^2 

10 mmol) dissolved in CH2CI2 (10 ml). After stirring for 1 h the solvents were 

evaporated. The residue was partitioned betwem H2O and EtOAc and the aqueous 
phase was made basic by the addition of 2N NaOH. Hie organic phase was separated, 
dried (MgS04) and concentrated and the residue was pruified by flash chromatogrsy)hy 
(alica gel, 5% MeOH/CH2Cl2) to afford the title compound (0.37 g, 69%). mp = 146 - 

15 1470 

l>f3-PhenoxvnroDvlV4-r4-fluorophenvlV5^4-pvridinvntmidaznle 

To a solution of the compound from example 2(b) (0.22 g, .70 mmol) in 
20 aceionitrile (10 ml) was added K2CO3 (0,19 g, 1.40 mmol) and phenol (0.10 g, 1J05 
mmol). After stirring at 70^C for 24 h the reaction was diluted with H2O. The organic 
phase was separated and concentrated and the residue was purifled by flash 
chromatography (silica gd, 5% MeOH/CH2Cl2) followed by recrystalization in hexane 
to afford the title compound (0.02 g, 8%) as a white solid, mp = 95 - 96^. 

25 

Example 54 

l-r3-fPhenvlthinWopvlV4-f4-fiuQroDhenvIVS-r4^pvridinvnimidazols 

Following the procedure for example 3 except using thiophenol as the 
Ducleophile, adding 2.2 eq K2CO3 and omitting the Nal. The cooled reaction was 
30 diluted with 10% NaOH and the product was extracted with ether. Flash 

chromatography was followed by reciystalization from hexane to afford the title 
compound (0.13 g, 53%) as white needles, mp = 98 - 99^. 

g7;W)PllP 5? 

35 l-r3-f4-MnrphoIinvnpropvn-4-f4-fluoroDhenvlV5*f4-qmnolvnimidazQle 

a) Ouinovl-4-carboxaldehvde r3-r4-Morpholinvnpropvnimine 
Quinoyl-4-carboxaldehyde and 4-(3-aminopropyl)morphoIine were reacted by 

the procedure of example 1(c) to afford the title compound as a yellow oil. 

b) ^^3'f4'Mff1rphp)^^^Y0pr9PYn'4^f4'fly9rQpl^e^yl(V5-f4^qui 
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Following the procedure of example 1(d) except using the compound of the 
previous step as the imine afforded the title compound as a white solid (48% from the 
amine), mp = 139.5 - 140.0. 

Example 56 

M-V 1 ■f3-Phenvlsulfinvlpn>Pvn-4-f4-fluQrQphenv lV5-r4-DvridinvnimidazQ!e 

Following the procedure of example 14 except using the compound from 
example 54 as the sulfide and quenching with saturated ag NH4OH afforded the title 
compound as a white solid mp = 146.5 - 148° 



Example 57 

1 -f3'Ethoxvnropvn-4-f4-fluorophenvlV5-f4-Dvridinvnimida7ole 

To a solution of the compound of example 2(b) (0,40 mmol) in ethanol 
25 ml) was added sodium ethoxide (0.8 ml, 21 wt% in ethanol). After lefluxing 16 h 
15 the mixture was cooled, dfluted with H2O and extracted with EtOAc. Concentration of 
the solvent and purification by flash chromatography (silica gel, 5% MeOH/ CH2CI2) 
afforded the title compound (0.05 g. 12 %). mp = 85 - 86^, 

pxmip^g 58 

20 l>r3>Phenvlsulfonvlpropv1-4-r4.flunrophenvIV5.r4-pvridi'nvnimidazf>1ft 

Following the procedure for example 52 except using the compound from 
example 56 as the sulfoxide and leciystalizing from hexane following the 
chromatography afforded the title compound as white soUd. mp = 109 - 1 10^. 

ti 

25 P^arff pte 59 

l-r3'f4*MorT)holinvnprot)vn-4-f3-chlorophenvIV5-f4-pv ridvnimidazQle 
a) 3-chlorophenvl-tQlvlthiomethvlisocvanide 

Following the procedure of example l(a,b) except using 3-chlorobenzaldehyde 
as the aldehyde component the title compound was prepared. 
30 b) l-r3-r4-Morpholinv1>propvll^r3-chlornphenv1V 5-r4-pvridvnt rnf^ 

Following the procedure of example 1(d) substituting the isocyanide prepared 
in the previous step the title compound was prepared. MS-DCI NH3 = 383 [M+H]. 

Example 60 

35 l>r3-f4-Mon)holinvl)propvll-4-f3.4>dichlorophenvlV 5-f4-pvridvinmidazQle 

Following the procedure of example 1(d) substituting the isocyanide prepared 
in Example 67(a) the title compound was prepared, mp = 106^. 
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Exampie 61 

4-r4-f4-HuoronhenvlV!-r3.f4-moiphQlinvnpropvl1-5-fpvrimid-2^ne-^^ 

a) 2-MethvlthinpvriTnidin&-4-carbQxaldehvde r3-r4- 
morpholinvnpropvnimine 

5 Following the procedure of example 1 (c) except using 2-methylthiopyrimi- 

din6-4-carboxaIdehyde [Bredereck tt et aL Chem. Ber. 1964. 3407] afforded the 
title compound as a yeUow oiL 

b) 4^f4-lRup^op^CTYl>^^3-f4-mpyphoU^Yl)P^Qpyl^-5-fpyrimi^ 

1 0 Conceotiated aqueous ammonium hydroxide (2 mL) was added to 4-(4- 

fluorophenyl)-5-[2-(methylsultoyI)-4-pyrimidinyl]- 1 -[3-(4-morpholiriy0^ 
imidazole (0.14g. 0.37 mmol) [prepared in Example 63] and the reaction mixture 
was heated to ISO^C for 18 h. After cooling to ambient temperature, the 
ammonium hydroxide was decanted. The residue was purified by flash 

15 chromatography eluting successively with 4% and 10% methanol in 

dichloromethane followed by successive elutions with mixtures of 90/10/1 and 
70/30/3 chloroform/methanol/concentrated ammonium hydroxide. Trituration 
with ether afforded the title compound as an off-white solid (0.035 g, 24%). 
. ESMS (m/z): 384 (M+ +H). 

20 

4-r4-HuoroDh&nvIV5-r2>fmethvlthioV4-pvrimidtnvn-l-r3-f4-morphohnvnprop 

Following the procedure of 1(d) except using 2-methylthiopyrimidine-4- 
25 carboxaldehyde [3-(4-morphoIinyl)propyl]imine [prepared in Example 61(a)] 

afforded the title compound as a yelow oil. NMR (CDQa) 8 831(d, J = 7 Hz, 
IH), 7.64(saH). 7-46 (dd, 2H). 7.05(t, J = 8 Hz, 2H), 6.81(d, J « 5 Hz, IH), 4.42(t, 
J = 7.5 Hz, 2H). 3.71(1, J = 5Hz, 4H). 2^8(s, 3H), 2.37(brd. s. 4H), 2.27(t, J = 6 
Hz.2H),L85(m,2H). 

30 

jet^^pIp 63 

4-f4-RuQrnphftnvT V5-r2-fmethvk uIfinvl V4^pvrimidinvn- ! -r3-f4-morDholinvn- 
propynimidarir^le 

A solution of K2S2O8 (0.20 g, 0,73 mmol) in water (5 inL) was added to 
35 4.(4-fluorophenyl)-5-[2-(methyIthio>4-pyrimidinyl]- 1-[3-(4- 

morpholinyl)propyl]imidazole (0.20 g, 0.48 mmol) in glacial acetic acid (10 mL). 
After stining at ambi^t temperature for 72 h, the reaction mixture was pomed 
into water, neutralized with concentrated aqueous ammonium hydroxide and 
extracted four times with dichloromethane. The organic phases were combined 
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and evaporated. Hie residue was purified by flash chromatography eluting 
successively with 1%, 2%, 4% and 10% methanol in dichloromethane to aiford 
the title compound as a clear oil (0.15 g, 73%). NMR (CDCI3) 6 8:57(d, J = 7 
Hz. IH). 7.77(s,lH). 7.47 (dd. 2H), 7.18(d, J = 5 Hz, lH)7.09(t, J = 9 Hz. 2H), 
5 4.56(m,2H),3.72(t,J = 5Hz,4H).3.0b(s.3H),2.40(brd.s,4H),2.33(t,J = 8Hz, 
2H). 1.94(m,2H). 

Example 64 

fE-)-l-fl-ProDenvn-4-f4-fluorophenvn-5-f4-pvririftiYnitpfri^7^^y. 

10 a) Pvridine-4-carfaoxaldehvdef2-propenvnimine 

Pyridine-4-carboxaldehyde and 1-propenyl amine were reacted by the 
procedure of example 1(c) to affoid the title compound as a yellow oiL 
b) fEVl-fl-PronenvlV4-f4-fluorophenvn-5-f4-pvridinvnimida2ole 

Following the procedure of example 1(d) except using the compound of the 

15 previous step as the imuie ai^otded a mixture of the title compound and 1-C2- 
Propenyl)-4-(4-fluorophenyl)-5-(4-pyiidinyI)imidazole. Chromatography of the 
mixture with 0 - 50% EtOAc in hexanes afforded the title compound (43%). mp = 
173.5-174.0 

20 Example <>5 

l-f2.PrnpeiivlV4-f4-fluorophenvn-5-C4-pvridinvniTnida7.n1e 

Furthur chromatography of the mixture from example 64(b) afforded the title 
compound (54%). mp = 116.0 - 117.0 

25 Example 66 

5-rf2-N.N-Dimethvlamino)nvrimidin-4-vll-4-f4-flaoroDhenvn-l-r3-r4-morDholinvlV 
propvllimidazole 

Following the procedure of example 61(b) except using aqueous 
dimethylamine afforded the title compound as a yellow glass. ESMS (m/z): 41 1 
' 30 (M++H). 

pxaniipllP 67 

l-r3-f4-MorpKolmvnpropvll-5-f4-pvTidinvn.4-r4-rtriflnoromethvnphenvnimidaznlft 

a) 4-trifluoromethvlDhenvl-tolvlthiQmethvlisocvanide 

35 Following the procedure of example l(a,b) except using 4-trifIuorometbyl- 

benzaldehyde as the aldehyde component the title compound was prepared. 

b) l.r3.r4-MorphoIinv!>pronvn-S-f4-pvridinvn.4-r4-ftriflnoromethvn- 
nhenvnimidarole 
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The imine prepared in Example 1 (c) was reacted with the isocyanide prepared 
in the previous step using the pnx^edure of example 1(d) to prepare the title compound 
was prepared, mp 133^. 

Example 68 

l-r3-f4-Mon>hoIinvnpropvl%5-f4-pvridinvn-4-h-rt rifluoromethvl^ 

a) 3-triflDoromethvlphenvl-tolvlthiQmethvl isocvamde 

Following the procedure of example l(a,b) except using 3-trifluoromethyl- 
benzaldehyde as the aldehyde component the title compoimd was prepared. 

b) l-r3-r4-MorpholinvnprnpvlV5.r4-pyri dinvl>-4-r4^trifluorQmet^^^ 

phenyniimiiteTOle 

The imirie prepared in Example 1(c) was reacted with the isocyanide prepared 
in the previous step using the procedure of example 1(d) to prepare the title compound 
was prepared. ESMS = 417 [M+H] 

Example 69 

l-rC^^clopropvlmethvlV4-f3.4-dichlo^ophenvlV5-f 4■pvrid^nvIMmida7^Te 

a) 3.4-dichloroph&nvT-tn1vlthiomethvHsocvantde 

Following the procedure of example l(a,b) except using 3,4-dichlorobenzaldehyde as 
the aldehyde component the title compound was prepared. 

b) ^rCvclnpropvlmethvlV4-r3.4-dichlQr ophenvn-S-f4-pvridiTivlMmtdazolft 
Following the procedure of example 1 (d) substituting the imine prepared in 

Example 27(a) and ttie isocyanide prepared in the previous step the title compound was 
prepared, mp = 14530. 

l-rCvcIoDropvlmethvlV4>r3-trifluoromethvlphenvn-5-f4-pvridi nvnimida7^1e 

Following the procedure of Example 1 (d) substituting the imine prepared in 
Example 27(a) and the isocyanide prepared Example 68(a) the title compound was 
prepared. mp=105J*>. 

lB7can]tp?fi71 

l-fC>^cloDropvhnethvlV4-f4'fluoronhenvlV5-f2-methvlpvrid-4-v!MTnidazo^ 

a) 2.M&thvlpvridine-4^arfaoxaldehvdefcvclopropvlmethvl>imtne 
Reaction of 4-formyI-2-methylpyridine [prepared in Example 33(a)] and 

cyclopropylmethyl amine by the procedure of example 1(c) affords the title compound 
as a yellow oU« 

b) l-fCvclopropvlmethvIV4-f4*fluorophenvn-S.f2- methvlpvrid-4-vnfmidazQl& 
Following the procedure of example I (d) except using the compound of the 
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previous step as the imine afforded the title compound was as a white solid (62% from 
the 2-aminopyriraidine aldehyde), mp = 14L0 - 1413^. 

Example 72 

143-r4-MorDho1invl>DroDvlV5-f4-Dvridinv1V4>r3.5-bistrifluorQmet hvlphenvl^ 

a) 3.5-bistrifluorDmethvlphenvl-tolvlth jomethvlisocvanide 

Following the procedure of example l(a,b) except using 3^-bistrifluoromethyl- 
benzaldehyde as the aldehyde component the title compound was prepared. 

b) ^^3^f4^Mo^nholinvl^D^QDvI^■5-r4.nvridinvn^4-r3.5.hi?:triflltnm^ 
methvlphenvnimidazole 

Following the procedure of example 1(d) substituting the imine prepared in 
Example 1(c) and the isocyanide prepared in the previous step the title compound was 
prepared, mp = 1363-137.5^. 

Example 73 

544-f2-AminODvrimidinvni-4-r4-fluorophenvlVl-(7-caiboxv-2,2 -dimethvlethvlV 

a) 2-Aminopvrimidine-4-carboxflld&hvde fethvl 3-ami no-2.2-dimethvl- 
propionatelimine 

2-Aminopyiimidine-4-carboxaidehyde and ethyl 3-amino-2,2-dimethyl- 
propionate, 

were reacted by flie procedure of example 1(c) to afford the title compound as a yellow 
oil. 

b) 5-r4-f2-Amtnopvrimidinvni-4-f4-fluorophenvn>l.f 2-carboxvethvl-2.2- 
dimethvlpropvlHmidazole 

Following the procedure of example 1(d) except using the compoimd of the 
previous step as the imine afforded the title compound as a white solid (1 1 % from the 
amine). 

c) 5-r4-f2-AminoPvrimid!nvni-4-f4--fluoroDhenvlVl-r2-carbQxv-2.2- 
dimethvlethvlMmidazole lithium salt 

The compound of example 73(c) was hydrolysed by the procedure of example 
37 to afford the title compound as the lithium salt; (67%). ES (+) MS m/e = 356. 

P?^^p|g74 

l-fl-Formvl-4-pit)eridinvn-4-f4-flupn)phenvlVS-f4-pvridinvl Mmida2»1^ 

l-(l-Ben2ylpiperidin-4-yI)-4-(4-fluorophenyl)-5-(4-pyridyl)iraidazole (100 
mg;prepared in Bcample 40) was dissolved in 10% fonnic acid/methanol under argon 
and palladium black (100 mg) mixed in 10% fonnic acid/methanol was added. Hie 
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reaction was stirred under argon at room tempaature for sixteen hours. The reaction 
mixture was evaporated and the residue mixed in H20/ethyl acetate and the pH taken 
•to 10. The layers were separated and the aqueous phase extracted with ethyl acetate. 
The combined organic layers were evaporated and the residue was flash 
5 chromatographed (silica gel/raethylene chloride/methanol) to yield the title compound, 
an off-white solid. ES (+) MS m/e = 351 (MH+) 

Examnle 7,S 

g-f2-Amin<>-4-nVPmrdinvlM-f4-fluomnhRnvTVT-n -methv1^pip,.ridinvTMmidarnTA 
10 a) 4- Amino- 1 -methvlpipp.ridiirp 

l-Methylpipetidin-4-one (4.22 g, 37 mmol) and an ice cold soln of IN HQ in 
Et20 (37 mL, 37 mmol) were combined. Trituration followed by evaporation of the 
Et20 at 230 under a stream of argon afforded the hydrochloride. MeOH (1 14 mL), 
anhydrous NH4OAC (28.7, 373 mmol) and 3A molecular sieves were added. Stirred 10 

15 min and then NaCNBHa (2.33 g, 37 mmol) was added, and th^ mixture was stirred for 
1 h. Acidified to < pH 1 with concentrated HCl and washed with Et20. The resulting 
mixture was made basic with 50% ag NaOH and extracted with EtOAc. dried (K2CO3), 
and distilled (bp = 55 - 60°. 15 mm) to afford 3.88 g (88%) of the title compound, 
b) 2-Aminonvrimidine-4-carhoxaldehvdft n -meth vlpipp.ridin.4-vl>iTnin». 

20 2-Aminopyrimidine-4-carboxaldehyde and the compound of the previous step 

were reacted by the procedure of example 1(c) to afford the title compound as a yellow 
oiL . 

•>) 5-f2-Aminonvrimidin-4-vIV4-f4-fliinT«nhPjivn.i-fi.hP,nT v ipipeririin^ 
y»imjd320lg Following the procedure of example 1(d) except using the compound of 
25 the previous step as the imine afforded the title compound after purification by 

chromatography on silica with 0 - 10% MeOH and 0 - 1 % B13S in CH2CI2 foDowed by 
fractional prepiptation from MeOH with Et20; as a yeUow solid (20% from the amine). 
mp = 235- 2370 (dec). 

30 Example 76 

i -f2.2-PimethvI-3-mnrDholin-4-vnnronvl~a-r4-fli, n ronhenvn.'S.<'^-Aniinfv^ 
PvrimidinvnimidaTnTe 

a) N-fl-Aminn-2.2-dimM>ivlpr oDvnmomhnlinft 

2,2-dimethyl-3-N-morpholinyIpropionaldehyde (Cheney4-.L. J. Amer. Chem. 
35 Soc. 1951, 73, p685 - 686; 855 mg, 5.0 mmol) was dissolved in Et20 (2 mL) and 1 N 
HCI in Et20 (5 mL, 5 mmol) was added. Stirred 5 miii and the Et20 was evaporated in 
a stream of Ar. The solid was dissolved in anhydrous MeOH (15 mL) followed by 
anhydrous NH4OAC (3.85 g, 50 mmol), and 3A molecular sieves. Stirred 5 min and 
then NaCNBHa (0.3 14 g, 4.0 mmoL) was added. Stirred 45 min and coned HCI was 
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added til the reaction mixture was < pH 1. The MeOH was removed in vacuo and the 
residual mixture was dissolved in H2O (IS mL) and extracted with Et20 (25 mL). The 
aq phase was layered with another portion of Et20 and made basic by addition of 50% 
aq NaOH til > pH 10. Extraction with Et20 (3 x 40 mL), drying (K2CO3) and 
5 concentration afforded the title compoimd (86%). 

b) 2-Aminopvrimidine-4-carboxaldehvde r3-f4^MorpholinvlV2.2- 
dtmethvlpronvniminft 

2-Aminopyriraidine-4-carboxaldeiiyde and the product of the previous step 
were reacted by the procedure of example 1(c) to afford the title compound as a yellow 
10 oil. 

c) 1-f2^-Dimethvl-3-mnrphnIm-4-vnpropv1-4-r4-f1unroph&nvlV5-r2-Amino-4^ 
pvrimtdtnvnimidazole 

Following the procedure of example 1(d) »cept using the compound of the 
previous step as the imine afforded the title compound as a white solid (16% from the 
15 amine), mp = 242 - 245© (dec.). 



p^aippKe 77 

4■f4-FJuc^rophfiny|)>5^(4^pyridy|)-^f2^^tOWt^yDm?^ 

500 mg of 4-(4-Fluorophenyl)-5-(4-pyridyl)imidazole was dried at 50* C overnight in 
20 vacuo and added to a flask containing 20 ml of dried (sieve) dimethyl formamide 
(hereinaf t^ DMF) and treated with NaH (at 0 'C), then stirred at room temperature, 
and dropwise with 2-acetoxy ethylbromide. After three days, the mixture was poured 
into ice water, extracted into methyoene chloride, the organic phase washed with water, 
dried over sodium sulfate and stripped in vacuo. Flawed the residue on silica using 
25 CH2Cl2-acetone (85: 15) and eluting with increasing CtisOH from 0 to 10%. Two 
major product fractions were obtained, the pure cuts combined to give a slower eluting 
fraction and a faster eluting isomer. These isomers were stripped and recrystallized 
from EtOAc-hexane to give the minor isomer (slower moving) and the fast, major 
isomer (the tided compound). NMR (250mHz, CDCI3) shows CH2CH2 as singlet at S 
30 4. 1 ppm. very clean, H-ortho to F, triple t at 6.9 ppra. Cal'd C:66.60, H:4.86, N: 12.92; 
Found C:67.10, 67.03 H:5.07. 4.94 N: 13.08, 13.09. IR (nujolmuU) shows 1740 cm- 1 
(sharp^ ester). 

METHODS OF TTIE ATMENT 
35 Tlie compoimds of Formula (I) or a pharmaceutically acceptable salt thereof can 

be used in the manufacture of a medicament for the prophylactic or therapeutic 
treatment of any disease state in a human, or oth^ mammal, which is exacerbated or 
caused by excessive or uruegulated cytokine production by such mammal's cell, such 
as but not limited to monocytes and/or macrophages. 
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Compounds of Fbrmula (I) are capable of inhibiting proinflammatoty 
cytokines, such as ILrl, JLr6, JLrS and TNF and are therefore of use in therapy. TLrl^ 
ILr6, ILrS and TNF affect a wide variety of cells and tissues and these cytokines, as 
well as other leukocyte-derived cytokines, axe important and critical inflammatory 
5 mediators of a wide variety of disease states and conditions. The inhibition of these 
pro-inflammatory cytokines is of beneHt in controlling, reducing and alleviating many 
of these disease states. 

Accordingly, the present invention provides a method of treating a cytokine- 
mediated disease which comprises administering an effective cytokine-interfering 
10 amount of a compound of Formula (I) or a pharmaceuUcally acceptable salt thereof. 

In particular, compounds of Formula (I) or a phatmaceutically acceptable salt 
thereof are of use in the prophylaxis or therapy of any disease state in a human, or other 
mammal, which is exaceibated by or caused by excessive or unregulated IL-1, IL-8 or 
TNF production by such mammal's cell, such as, but not limited to, monocytes and/or 
15 macrophages. 

Accordingly, in another aspect, this invention relates to a method of inhibiting 
the production of IL-lin a mammal in need thereof which comprises administering to 
said mammal an effective amount of a compound of Formula (I) or a pharmaceutically 
acceptable salt thereof. 

20 There are many disease states in which excessive or unregulated JLr 1 

production is implicated in exacerbating and/or causing the disease. These include 
rheumatoid arthritis, osteoarthritis, endotoxemia and/or toxic shock syndrome, other 
acute or chronic ixiQaixmiatory disease states such as the inflanimatoiy reaction induced 
by endotoxin or inflammatory bowel disease, tuberculosis, atherosclerosis, muscle 

25 degeneration, multiple sclerosis, cachexia, bone resorption, psoriatic arthritis, Reiter's 
syndrome, rheumatoid arthritis, gout, traumatic arthritis, rubella arthritis and acute 
synovitis. Recent evidence also links IL-1 activity to diabetes, pancreatic fi cells and 
Alzheimefs disease. 

In a further aspect, this invention relates to a method of inhibiting the 

30 production of TNF in a mammal in need thereof which comprises administering to said 
mammal an effective amount of a compound of Formula (I) or a pharmaceutically 
acceptable salt thereof. 

Excessive or tmregulated TNF production has been implicated in mediating or 
exacerbating a number of diseases including rheumatoid arthritis, rheumatoid 

35 spondylitis, osteoarthritis, gouty arthritis and other arthritic conditions, sepsis, septic 
shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, adult respiratory 
distress syndrome, cerebral malaria, chronic pulmonary inflammatory disease, silicosis, 
pulmonary sarcoisosis, bone resorption diseases, such as osteoporosis, reperf usion 
injury, graft vs. host reaction, allograft rejections, fever and myalgias due to infection. 
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such as influenza, cachexia secondary to infection or malignancy, cachexia secondary* 
to acquired immune deficiracy syndrome (AIDS)» AIDS» ARC (AIDS related 
complex), keloid fonmation, scar tissue formation, Crohn's disease, ulcerative colitis 
and pyresis- 

5 Compounds of Fonnula (I) are also useful in the treatment of viral infections, 

^ where such viruses are sensitive to upregulation by TNF or will elicit TNF production 
tfi vivo. The viruses contemplated for treatment herein are those that produce TNF as a 
result of infection, or those which are sensitive to inhibition, such as by decreased 
replication, directly or indirectly, by the TNF inhibiting<ompounds of Formula (1). 

10 Such viruses include, but are not limited to fflV-l, HIV-2 and HIV-3, Cytomegalovirus 
(CMV). Mluenza, adenovirus and the Herpes group of viruses, such as but not limited 
to. Herpes Zoster and Herpes Simplex. Accordingly, in a further aspect, this invention 
relates to a method of treating a mammal afflicted with a human immunodeficiency 
virus (HIV) which comprises administering to such mammal an effective TNF 

15 inhibiting amount of a compound of Formula (I) pr a pharmaceutically acceptable salt 
thereof. 

Compounds of Formula (I) may also be used in association with the veterinary 
treatment of mammals, other than in humans, in need of inhibition of TNF prxKiuctiotL 
TNF mediated diseases for treatment, therapeutically or prophylactically, in animals 

20 include disease states such as those noted above, but in particular viral infections, . 
Examples of such viruses include, but are not limited to, lentivirus infections such as, 
equine infectious anaemia virus, caprine arthritis virus, visna virus, or maedi virus or 
retrovirus infections, such as but not limited to feline immunodeficiency virus (FIV), 
bovine immunodeficiency virus, or canine immunodeficiency virus or other retroviral 

25 infections. 

The compounds of Formula (I) may also be used topically in the treatment or 
prophylaxis of topical disease states mediated by or exacerbated by excessive cytokine 
production, such as by IL-1 or TNF respectively, such as inflamed joints, eczema, 
psoriasis and other inflammatory skin conditions such as sunburn; inflammatory eye 
30 conditions including conjunctivitis; pyresis, pain and other conditions associated with 
inflammatiotu 

Compounds of Formula Q) have also been shown to inhibit the production of 
IL-8 (Interleukin-8, NAP). Accordingly, in a further aspect, this invention relates to a 
method of inhibiting the production of IL-8 in a marrunal in need thereof which 
35 comprises administering to said mammal an effective amount of a compound of 
Formula (I) or a pharmaceutically acceptable salt thereof. 

TTiere are many disease states in which excessive or urtfegulated IL-8 
production is implicated in exacerbating and/or causing the disease. These diseases are 
characterized by massive neutrophil infilttation such as, psoriasis, inflammatory bowel 
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disease, asthma, cardiac and renal reperfusion injury, adult respiratory distress 
syndrome, thrombosis and glomerulonephritis. All of these diseases are associated 
with increased IL*S production which is responsible for the cheinotaxis of neutrophils 
into the inflammatory site. In contrast to otiier inflammatory cytokines (IL-1, TNF, 
5 and IL-6), IL-8 has the unique property of promoting neutrophil chemotaxis and 
activation. Therefore, the inhibition of H^S production would lead to a direct 
reduction in the neutrophil infiltration. 

The compounds of Formula (I) are administered in an amount sufficient to 
inhibit cytokine, in particular IL-1, ILr6, IL-8 or TNF, production such that it is 
10 regulated down to normal levels, or in some case to subnormal levels, so as to 

ameliorate or prevent the disease state. Abnormal levels of IL-1, TL-Sp IL-8 or TNF, 
for instance in the context of the present invention, constitute: 0) levels of fiiee (not cell 
bound) IL-1 , IL-6, ILr8 or TNF greater than or equal to 1 picogram' per ml; (ii) any cell 
associated IL-1» IL-6, 11^8 or TNF; or (iii) the presence of IL-1, IL-6, IL-8 or TNF 
15 mRNA above basal levels in cells or tissues in which IL-l, II>6, IL-8 or TNF, 
respectively, is produced. 

The discovery that the compounds of Formula (1) are inhibitors of cytokines, 
specificaUy IL-1, IL^, IL-8 and TNF is based upon the effects of the compounds of 
Formulas (I) on the production of the IL- 1 , IL-8 and TNF in in vitro assays which are 
20 described herein. 

As used herein, the terra "inhibiting the production of IL-1 (IL-6, IL-8 or TNF)" 
refers to: 

a) a decrease of excessive in vivo levels of the cytokine (E^l, 11^6, ILr8 or 
TNF) in a human to normal or sub-normal levels by iidiibition of the in vivo release of 

25 the cytokine by aU cells, including but not limited to nionocytes or macrophages; 

b) a down regulation, at the genomic level, of excessive in vivo levels of the 
cytokine (IL-1 , IL^6, IL-8 or TNF) in a human to honn^ or sub-normal levels; 

c) a down regulation, by inhibition of the direct synthesis of the cytokine (IL-1, 
IL-6, IL-8 or TNF) as a postranslational event; or 

30 d) a down regulation, at the translational level, of excessive in vivo levels of the 

cytokine (IL-1, IL-6, IL-8 or TNF) in a human to normal or sub-normal levels. 

As used herein, the term "TNF mediated disease or disease state" refers to any 
and aU disease states in which TNF plays a role, either by production of TNF itself, or 
35 by TNF causing another monokine to be released, such as but not limited to IL-1, ILr6 
or IL-8. A disease state in which, for instance, IL-1 is a niajor component, and whose 
production or action, is exacerbated or secreted in response to TNF, would therefore be 
considered a disease stated mediated by TNF, 



wo 95/02591 



PCT/US94/07969 



As used herein, the term "cytokine" refers to any secreted polypeptide that 
affects the functions of cells and is a molecule which modulates interactions between 
cells in the immune, inflammatory or hematopoietic response. A cytokine includes, but 
is not limited to, monokines and lymphokines, regardless of which cells produce them. 
5 For instance, a monokine is generally referred to as being produced and secreted by a 
mononuclear cell, such as a macrophage and/or monocyte. Many other cells however 
also produce monokines, such as natural killer cells* fibroblasts, basophils, neutrophils, 
endothelial cells, brain astrocytes, bone marrow stromal cells, epideral keratinocytes 
and B-lymphocytes. Lymphokines are generally referred to as being produced by 
10 lymphocyte cells. Examples of cytokines include, but are not limited to, Interleukin-l 
(IL-1), Interleukin-6 (IL-6). Interleukin-8 (IL-8), Tumor Necrosis Factor-alpha (TNF- 
a) and Tumor Necrosis Factor beta CTNF-B)- 

As used herein, the term "cytokine interfering" or "cytokine suppressive 
amount" refers to an effective amotmt of a compound of Formula (I) which will cause a 
15 decrease in the in vivo levels of the cytokine to normal or sub-ftormal levels, when 
given to a patient for the prophylaxis or treatment of a disease state which is 
exacerbated by, or caused by, excessive or unregulated cytokine production. 

As used herein, the cytokine referred to in the phrase "inhibition of a cytokine, 
for use in the treatment of a HIV-infected human" is a cytokine which is implicated in 
20 (a) the initiation and/or maintenance of T cell activation and/or activated T cell- 
mediated HIV gene expression and/or replication and/or (b) any cytokine-mediated 
disease associated problem such as cachexia or xnuscle degeneration. 

As TNF-B (also known as lymphotoxin) has close structural homology with - 
TNF-a (also known as cachectin) and since each induces similar biologic responses 
25 and binds to the same cellular receptor, both TNF-a and TNF-B are inhibited by the 
compounds of the present invention and thus are herein referred to collectively as 
-TNF' unless specifically delineated otherwise. 

In order to use a compound of Formula (I) or a pharmaceutically acceptable salt 
thereof in therapy, it will normally be Formulated into a pharmaceutical composition in 
30 accordance with standard pharmaceutical practice. This invention, therefore, also 

relates to a pharmaceutical composition comprising an effective, non-toxic amount of a 
compound of Formula (I) and a pharmaceutically acceptable carrier or diluent 

Compounds of Fbnnula (I), pharmaceutically acceptable salts thereof and 
pharmaceutical compositions incorporating such may conveniently be administered by 
35 any of the routes conventionally used for drug administration, for instance, orally, 
topically, parenterally or by inhalation. The compounds of Formula (I) may be 
administered in conventional dosage forms prepared by combining a compound of 
Formula (I) with standard pharmaceutical carriers according to conventional 
procedures. The compoimds of Formula (I) may also be administered in conventional 
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dosages in combination with a known, second therapeutically active compound. These 
procedures may involve mixing, granulating and compressing or dissolving the 
ingredients as appropriate to the desired preparation. It will be appreciated that the 
form and character of the phamiaceutically acceptable character or dilurat is dictated 
5 by the amount of active ingredient with which it is to be combined, the route of 

administration and other well-known variables. The carriCT(s) must be "acceptable" in 
the sense of being compatible with the other ingredients of the Formulation and not 
deleterious to the recipient theieofl 

The pharmaceutical carrier employed may be, for example, either a solid or 

10 . liquid. Exemplary of solid carriers are lactose, terra alba, sucrose, talc, gelatin, agar, 
pectin, acacia, magnesium stearate, stearic acid and the like. Exemplary of liquid 
carriers are syrup, peanut oil, olive oil, water and the like. Similarly, the carrier or 
diluent may include time delay material well known to the art, such as glyceryl mono- 
stearate or glyceryl distearate alone or with a wax. 

15 A wide variety of pharmaceutical forms can be employ&d. Thus, if a solid 

carrier is used, the preparation can be tableted, placed in a hard gelatin capsule in 
powder or pellet form or in the form of a troche or lozenge. Ihe amount of solid 
carrier will vary widely but preferably will be from about 25mg. to about Ig. When a 
liquid carrier is used, the preparation will be in the form of a syrup, emulsion, soft 

20 gelatin capsule, sterile injectable liquid such as an ampule or nonaqueous liquid 
suspensiorL 

Compounds of Formula (T) may be administered topically, that is by non- 
systemic administratiorL This includes the application of a compound of Fbrmula (I) 
externally to the epidermis or the buccal cavity and the instillation of such a compound 

25 into the ear, eye and nose, such that the compound does not significantly enter the 
blood stream. In contrast, systemic administmtion refers to oral, intravenous, 
intraperitoneal and intramuscular administration. 

Formulations suitable for topical administration include liquid or semi-liquid 
preparations suitable for penetration through the skin to the site of inflammation such 

30 as liniments, lotions, creams, ointments or pastes, and drops suitable for administration 
to the eye, ear or nose. The acdve ingredient may comprise, for topical administration, 
from 0.001 % to 10% w/w, for instance from 1 % to 2% by we:ight of the Formulation. 
. It may however comprise as much as 10% w/w but preferably will comprise less than 
5% w/w, more preferably from 0.1% to 1% w/w of the Formulation. 

35 Lotions according to the present invration include those suitable for application 

to the skin or eye. An eye lotion may comprise a sterile aqueous solution optionally 
containing a bactericide and may be prepared by methods similar to those for the 
preparation of drops. Lotions or liniments for application to the skin may also include 
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an agent to hasten drying and to cool the skin/sach as aii alcohol or acetone, and/or a 
moisturizer such as glycerol or an oil such as castor oil or arachis oil. 

Creams, ointments or pastes according to the present invention are semi-solid 
Formulations of the active ingredient for external application. They may be made by 
S mixing the acdve ingredient in finely-divided or powdered form, alone or in solution or 
suspension in an aqueous or non-aqueous fluid, with the aid of suitable machinery, 
with a greasy or non-greasy base. The base may comprise hydrocarbons such as hard, 
soft or liquid paraffin, glycerol, beeswax, a metallic soap; a mucilage; an oil of natural 
origin such as almond, com, arachis, castor or olive oil; wool fat or its derivatives or a 

10 fatty add such as steric or oleic acid together with an alcohol such as propylene glycol 
or a macrogd. The Formulation may incorporate any suitable surface active agent such 
as an anionic, catioidc or non-ionic surfactant such as a soibitan ester or a 
polyoxyethylene derivative thereof. Susprading agents such as natural gums, cellulose 
derivatives or inorganic materials such as silicaceous silicas, and other ingredients such 

IS as lanolin, may also be included. 

Drops according to the present invention may comprise sterile aqueous or oily 
solutions or suspensions and may be prepared by dissolving^ the active ingredient in a 
suitable aqueous solution of a bactericidal and/or fimgicidal agent and/or any other 
suitable preservative, and preferably including a surface active agent Hie resulting 

20 solution may then be clarified by filtration, transferred to a suitable container which is 
then sealed and sterilized by autoclaving or maintaining at 98-100 " C. for half an hour. 
Alternatively, the solution may be sterilized by filtration and transferred to the 
container by an aseptic tectmique. Examples of bactericidal and fungicidal agrats 
suitable for inclusion in the drops are phenylmercuriuiitrate or acetate (0.002%), 

25 benzalkonium chloride (0.01 %) and chlorhexidine acetate (0.01 %). Suitable solvents 
for the preparation of an oily solution include glycerol, diluted alcohol and propylene 
glycoL 

' Compounds of formula (I) may be administered parenterally, that is by 
intravraous, intramuscular, subcutaneous intranasal, intrarectal, intravaginal or 

30 intraperitoneal administratiorL The subcutaneous and intramuscular forms of 

parenteral administration are generally preferred. Appropriate dosage forms for such 
administration may be prepared by conventional techniques. Compounds of Formula 
(I) may also be administered by inhalation, that is by intranasal and oral inhalation 
administration. Appropriate dosage forms for such administration, such as an aerosol 

35 Formulation or a metered dose inhaler, may be prepared by conventional techniques. 

For all methods of use disclosed herein for the compounds of Formula Q), the 
daily oral dosage regimen will preferably be from about 0. 1 to about 80 mg/kg of total 
body weight, preferably from about 0.2 to 30 mg/kg, more preferably from about 0.5 
mg to 15mg. The daily parenteral dosage leguneii about 0.1 to about 80 mg/kg of total 
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body weight, preferably from about 0.2 to about 30 mg/kg, and more preferably from 
about 0 J mg lo 15mg/kg. The daily topical dosage regimen will preferably be from 
0.1 mg to 150 mg, administered one to four, preferably two or three times daily. The 
daily inhalation dosage regimen wiQ preferably be from about 0.01 mg/kg to about 1 
5 mg/kgperday, ItwiUalsoberecognizedby one of skill in the art that the optimal 
quantity and spacing of individual dosages of a compound of Formula (I) or a 
pharmaceutically acceptable salt thereof will be determined by the nature and extent of 
the condition being treated, the form, route and site of administration, and the particular 
patient being treated, and that such optimums can be determined by conventional 
10 techniques. It will also be appreciated by one of «Vin in the art that the optimal course 
of treatment, i.e., the number of doses of a compound of Formula (1) or a 
pharmaceutically acceptable salt thereof given per day for a defined number of days, 
can be ascertained by those skilled in the art using conventional coinse of treatment 
determination tests. 

15 The invention will now be described by reference to tht following biological 

examples which are merely illustrative and are not to be construed as a limitation of the 
scope of the present invention. 
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20 Tlie cytokine-inhibitihg effects of compounds of the present invention were 

determined by the following in vi^o assays: 
Interleukin • 1 CIL*1) 

Human peripheral blood monocytes were isolated and purified from either fresh 
blood preparations from volunteer donors, or from blood bank buffy coats, according to 

25 the procedure of Colotta et al, J Immunol, 132, 936 (1984). These monocytes (1x10^) 
were plated in 24- well plates at a concentration of 1-2 million/ml per welL The cells 
were allowed to adhere for 2 hours, after which time non-adherent cells were removed 
by gentle washing. Test compounds were then added to the cells for Ih before the 
addition of lipopolysaccharide (50 ng^ml), and the cultures were incubated at 37^0 for 

30 an additional 24h. At the end of this period, culture super-natants were removed and 
clarified of cells and all debris. Culture supematants were then immediately assayed 
for IL-1 biological activity, either by the method of Simon et al,^ X Immunol. Methods, 
84, 85, (1985) (based on ability of IL-1 to stimulate a Interleukin 2 producing cell line 
(EL-4) to secrete IL-2, in concert with A23 1 87 ionophore) or the method of Lee et oL, 

35 J. ImmunoTherapy, 6 (1), 1-12 (1990) (ELISA assay). The compoimds of Formula (I), 
as evidenced by Examples 1 to 24 were shown to be inhibitors of in vitro IL-1 
produced by human monocytes. 



